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A  KEW  edition  of  the  "  Boy's  Plajbook  of  Science"  having  been  called 
for  while  the  Author  was  at  the  antipodes,  the  publishers  intrusted 
me  with  the  work  of  revision.  My  position  as  Lecturer  on 
Science,  and  Assistant  Superintendent  of  the  Institution  with  which 
Professor  Pepper's  name  haa  so  long  been  associated,  has  given 
me  the  advantage  of  being  able  to  follow  his  track  more  closely 
perhaps  tlian  an  outsider  could  have  done.  In  carrying  out  my 
task  I  have  naturally  refrained  from  altering  any  of  the  original 
work,  except  so  far  as  progress  in  Science  has  rendered  absolutely 
necessary.  As  a  case  in  point,  I  may  instance  the  Section  devoted 
to  Chemistry,  where  modern  notation  has  rendered  many  amend- 
ments indispensable.  The  Chapters  upon  Photography  and  the 
Magic  Lantern  have  been  wholly  rewritten.  I  am  also  answerable 
for  many  additions.  Among  these  I  may  mention  the  descriptive 
matter  relating  to  the  Telephone,  Microphone,  Phonograph,  recent 
advances  in  Telegraphy  and  Electric  Illumination,  the  Heliograph, 
and  the  article  upon  the  Spectroscope.  I  have  thus  endeavoured  to 
carry  out  the  instructions  I  received  to  bring  the  book  up  to  date. 
The  new  matter  is  copiously  illustrated. 
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Although  "The  South  Kensington  Museum"  now  takes  the  lead,  and 
surpasses  all  former  scientific  institutions  by  its  yastlj  superior  collec- 
tion of  models  and  works  of  art,  there  will  be  doubtless  many  thousand 
young  people  who  may  remember  (it  is  hoped)  with  some  pleasure  the 
numerous  popular  lectures,  illustrated  with  an  abundance  of  interesting 
and  brilliant  experiments,  which  haye  been  delivered  within  the  waUs  of 
the  Royal  Polytechnic  Institution  during  the  Lut  twenty  years. 

On  many  occasions  the  author  has  received  from  his  young  friends 
letters,  containing  all  sorts  of  inquiries  respecting  the  mode  of  performing 
experiments,  and  it  has  frequently  occurred  that  even  some  years 
after  a  lecture  had  been  discontinued,  the  youth,  now  become  the  young 
man,  and  anxious  to  impart  knowledge  to  some  "home  circle"  or 
country  scientific  institution,  would  write  a  special  letter  referring  to  a 
particular  experiment,  and  wish  to  know  how  it  was  performed. 

The  following  illustrated  pages  must  be  regarded  as  a  series  of  philo- 
sophical experiments  detailed  in  such  a  manner  that  any  young  person 
may  perform  them  with  the  greatest  facility.  The  author  has  endea- 
voured to  arrange  the  manipulations  in  a  methodical,  simple,  and  popular 
form,  and  will  indeed  be  rewarded  if  these  experiments  should  arouse 
dormant  talent  in  any  of  the  rising  generation,  and  lead  them  on 
gradually  from  the  easy  reading  of  the  present  "  Boy's  Book,"  to  the 
study  of  the  complete  and  perfect  philosophical  works  of  Leopold 
Gmelin,  Faraday,  Brande,  Qraham,  Turner,  and  Fownes. 

Every  boy  should  ride  "  a  hobby-horse"  of  some  kind ;  and  whilst 
play,  and  plenty  of  it,  must  be  his  daily  right  in  holiday  time,  he  ought 
not  to  forget  that  the  cultivation  of  some  branch  of  the  useful  Arts  and 
Scieness  will  afford  him  a  delightful  and  profitable  recreation  when 
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satiated  with  mere  play,  or  imprisoned  by  bad  weatner,  or  gloomy  with 
the  nnamosed  tediousuess  of  a  long  winter's  eyening. 

The  author  recollects  with  pleasure  the  half-holidays  he  used  to  devote 
to  Chemistry,  with  some  other  King's  College  hula,  and  in  spite  of 
terrible  pecuniary  losses  in  retorts,  bottles,  and  jars,  the  most  delightful 
amusement  was  enjoyed  by  all  who  attended  and  assisted  at  these 
juyenile  philosophical  meetings. 

It  has  been  well  remarked  by  a  clever  author,  that  bees  are  gefme- 
triciofu.  The  cells  are  so  constructed  as,  with  the  least  quantity  of 
material,  to  have  the  largest  sized  spaces  and  the  least  possible  interstices. 
The  mole  is  a  meteorologist.  The  bird  called  the  nine-killer  is  an  anM- 
wietieian,  also  the  crow,  the  wild  turkey,  and  some  other  birds.  The 
torpedo,  the  ray,  and  the  electric  eel  are  electriciane.  The  nautilus  is 
a  navigator.  He  raises  and  lowers  his  sails,  casts  and  weighs  anchor* 
and  performs  nautical  feats.  Whole  tribes  of  birds  are  musiciatu.  The 
beaver  is  an  architect,  builder,  and  wood-cutter.  He  cuts  down  trees 
aud  erects  houses  and  dams.  The  marmot  is  a  civil  engineer.  He  does 
not  only  build  houses,  but  constructs  aqueducts,  and  drains  to  keep 
them  dry.  The  ant  maintains  a  regular  standing  army.  Wasps  are 
paper  manufacturers.  Caterpillars  are  silk-spinners.  The  squirrel  is  a 
ferryman.  With  a  chip  or  a  piece  of  bark  for  a  boat,  and  his  tail  for  a 
sail,  he  crosses  a  stream.  Dogs,  wolves,  jackals,  and  many  others,  are 
kuniers.  The  black  boar  and  heron  are  fishermen.  The  ants  are  day- 
labourers.  The  monkey  is  a  rope  dancer.  Shall  it,  then,  be  said  that  any 
boy  possessing  the  Godlike  attributes  of  Mind  and  Thought  with  Free- 
will can  only  eat,  drink,  sleep,  and  play,  and  is  therefore  lower  in  the 
scale  of  usefulness  than  these  poor  birds,  beasts,  fishes,  and  insects  ? 
No !  no !  Let  "  Young  England"  enjoy  his  manly  sports  and  pastimes, 
but  let  him  not  forget  the  mental  race  he  has  to  run  with  the  educated 
of  his  own  and  of  other  nations ;  let  him  nourish  the  desire  for  the 
acquisition  of  '*  scientific  knowledge,"  not  as  a  mere  school  lesson,  but 
as  a  treasure,  a  useful  ally  which  may  some  day  help  him  in  a  greater  or 
lesser  degree  to  fight  "  The  Battle  of  Life." 
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CHAPTER  L 

THE  PBOPEBTOS  OF  ILLTTEB— IKFEVETBABILITT. 

In  the  present  state  of  our  knowledge  it  seems  to  be  uniyersallj  agreed, 
that  we  cannot  properly  commence  even  popular  discussions  on  astro- 
nomy, mechanics,  and  chemistry,  or  on  the  imponderables,  heat,  light, 
electricity,  and  ma^tism,  without  a  definition  of  the  general  term 
''matter;"  which  is  an  expression  applied  by  philosophers  to  every 
species  of  substance  capabb  of  occupying  space,  ana,  therefore,  to 
evefvthing  which  can  be  seen  and  felt. 

Tne  sun,  the  moon,  the  earth,  and  other  planets,  rocks,  earths,  metals, 
glass,  wool,  oils,  water,  alcohol,  air,  steam,  and  hosts  of  things,  both 
great  and  small,  all  solids,  liquids  and  gases,  are  included  under  the 
comprehensive  term  matter.  Such  a  numerous  and  varied  collection  of 
bodies  must  necessarily  have  certain  qualities,  peculiarities,  or  properties; 
and  hence  we  come  in  the  first  pkce  to  consider  "  The  general  powers 
or  properties  of  matter."  Thus,  if  we  place  a  block  of  wood  or  stone  in 
anv  position,  we  cannot  take  another  substance  and  put  it  in  the  space 
fillea  by  the  wood  or  stone,  until  the  latter  be  removed.  Now  this  is 
one  of  the  first  and  most  simple  of  the  properties  of  matter,  and  is  called 
impenetrability,  beiiu"  the  property  possessed  by  all  solid,  liquic^  and 
gaseous  bodies,  of  filling  a  space  to  the  exclusion  ot  others  until  they  be 
removed,  and  it  admits  of  many  amusing  illustrations,  both  as  regards 
the  proof  and  modification  of  the  property. 

Tnus,  a  block  of  wood  fills  a  certam  space:  how  is  it  (if  impenetrable) 
that  we  can  drive  a  nail  into  it  ?  A  few  experiments  will  enable  us  to 
answer  this  question. 

Into  a  glass  (as  depicted  at  fig.  1)  filled  with  spirits  of  wine,  a  quantity 
of  cotton  wool  many  times  the  bulk  of  the  alcohol  may  (if  the  experiment 
is  carefully  performed)  be  pushed  without  causing  a  drop  to  overflow 
the  sides  of  the  vessel. 

Here  we  seem  to  have  a  direct  contradiction  of  the  simple  and  indis- 
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ival«ble  trath,  ihat  "two  thingi  oannot  occupy  the  tame  space  at  odqc." 
Bui  Let  as  proceed  vith  oui  eiperimeDts : — 

We  have  nov  a  flaak  full  of  water, 
ixx  aod  taking  aome  vei^  6uelT-powdet«d 
^  BQgBT,  it  u  easj  to  introduce  a  not- 
able qoantit;  of  that  substance  with- 
out increaaing  tbe  balk  of  the  water ; 
the  only  precautiou  necessary,  is  not 
to  allow  the  sugar  to  fall  into  the 
flask  in  a  mass,    but  to  drop  it  in 

Eain  hj  grain,  and  Tcrv  alowly,  al- 
wins'  time  for  the  air-buhbles  (which 
will  cling  to  tlie  particles  of  sugar) 
to  pass  off,  and  for  the  lugar  to  dis- 
Bolve.  Matter,  in  the  eiperiiaenta 
adduced,  appears  to  be  penetrable, 
and  the  property  of  impeDctrability 
,  teems  only  to  be  a  creation  of  fancy : 

T\g.t,  reasou,  hoveTcr,  enables  ns  to  tay 

that  the  latter  ia  not  the  case. 
&  nan  may  certainly  be  hammered  into  wood,  but  the  particles  are 
thntt  atUlt  to  allow  it  to  enter.    Cotton  wool  may  bo  placed  in  spirita 
of  wine  because  it  is  simply  greatly  extended  and  bulky  matter,  wnich, 
if  oomptMMd,  miffht  only  occapy  the  apace  of  tbe  kernel  of  a  not,  and 
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if  this  TBK  dropped  into  ■  hilf-pint  measDre  fall  oF  ftloohol,  the  inoK»M 
of  bnlk  Tould  not  eaaao  the  spirit  to  overSoir.  Tbe  cotton-iTool  expe- 
riment a  therefore  no  contradiction  of  imptnetrabilitg.     The  eip«ri 

ment  with  the  sugar  is  the  most  troublesome  opponent  to  oar  tenn,  and 
obliges  OS  to  amend  and  qualifj  the  original  definition,  and  saj,  that  the 
ultimate  or  smallest  particles  or  atoms  of  bodies  onlj  are  impenetrable ; 
and  we  mar  believe  the;  are  not  in  close  contact  with  each  other,  because 
certain  bulks  of  sugar  and  water  occupj  more  space  leparatelj  thtu 
when  mixed. 


Fi».a. 


If  «n  compare  tbe  flask  of  water  to  a  flask  fdU  of  marbles,  and  the 
angar  to  some  rape-seed,  it  will  be  evident  that  we  maj  almost  pour 
another  flask  full  of  the  latter  amongst  the  marbles,  because  thej  are  not 
in  close  contact  with  each  other,  but  hare  spaces  between  them ;  and 
after  pouting  in  the  rape-seed,  we  mi^^t  still  find  room  for  some  fine 

The  particles  of  one  bodj  Uia;  thus  enter  into  the  spaoea  left  between 
those  of  another  without  increasing  ita  volome ;  and  hence,  as  tuts  been 
before  stated,  "The  atoms  only  ot  bodies  are  tmlj  impenstrablG." 

This  apreading,  as  it  were,  of  matter  throogh  matter  assumes  a  vei; 
important  function  when  we  come  \o  eiambe  the  constitution  of  the 
air  we  breathe,  which  ta  chiefly  a  mechanical  mixture  of  gases :  serent;- 
nine  parts  b;  volume  or  measure  of  nitrogen  gss,  twenty-one  parts  of 
Dijgen  gu,  and  four  parts  of  carbonic  odd  vapour  in  every  ten  tboosaod 
parts  of  air  having  the  following  relations  as  to  weight  :— 

S|imUI«  gnvUj, 

Nitrogen 978 

Oivgen IIOS 

Carlxinic  acid 1S31 

It  might  be  expected  that  these  gases  would  arrange  themselves  in 
onr  atmosphere  in  tbe  above  order,  and  if  that  were  tbe  case,  we  should 
nave  tbe  carbonic-aoid  go*  (a  most  poisonous  one)  at  tbe  bottom,  and 
tonohing  the  earth,  then  the  ttrjgeu,  and,  last  of  all,  the  nitrogen ;  a 


6  boy's  platbook  of  science. 

state  of  things  in  which  araanuf^iife  could  not  oxist.  Thegweadonot, 
howerer,  sepuate :  bde«t,  the;  seem  to  act  sa  it  were  like  eacKtmt  to 
one  another,  sod  "  the  diSnaion  of  gases"  has  become  a 
recognised  fact,  governed  bj  fixed  laws.  Thui  fact  is 
curiously  illustrated,  as  shown  ia  onr  cat,  bv  filling  a 
bottle  vith  caibonic  acid,  and  snotlier  with  nydrogen ; 
and  baring  previouslj  fitted  corks  to  the  buttlo^  perfo- 
i  rated  so  as  to  admit  a  tube,  place  the  boltle  containing 
the  carbonic  acid  on  the  table,  tiien  take  the  other  full 
of  hjdrogen,  keeping  the  mouth  downwards,  and  fit  in 
the  cork  and  tube  :  place  this  finally  into  the  cork  of 
the  carbonic-acid  bottle,  which  may  be  a  little  lar^r  than 
the  other,  in  order  to  make  the  airangcment  tvaia  firmer ; 
and  after  leaving  them  for  an  hour  or  bo,  the  carbonic 
acid,  which  ia  twentj-two  times  heavier  than  the  hjdro- 

Sen,  will  ascend  to  the  latter,  vhilat  the  hydrogen  will 
ucend  to  the  carbonic  acid.  The  presence  of  the  cu- 
bonic  acid  in  the  hydrt^n 
bottle  is  easily  proved  by 
pouring  ia  a  wmcglassfol 
of  clear  lime-water,  which 
speedily  becomes  milky, 
owing  to  the  production  of 
CBibonate  of  lime;  wbiUt 
the  proof  of  the  hydrogen 
being  present  in  the  car- 
bonic acid  is  established 
by  absortung  the  latter 
with  a  little  cream  of  line 
— i,e.,  slacked  lime  mixed 
to  the  cooBistCDce  of  cream 
I  with  some  water — andset- 
I  ting  fire  to  the  hvdrogen 
I  that  remains,  which  burns 
I  quietlf  with  a  yellowish 
I  flame  if  uomiied  with  air ; 
I  but  if  air  be  admitted  to 
I  the  bottle,  the  miitnre  of 
I  air  and  hydrogen  inflames 
rapidly,  and  with  some 
Tig,i,  noise.  One  of  the  most 
elegant  modes  of  showing 
the  diffusion  of  gases  is  by  taking  a  large  ^K-  ^ 
round  drv  porons  cell,  such  as  would  be  »-  The  poKxu  «u.  ».  Tii»  ji 
empbj«i  in  a  voltaic  battery,  and  having  J[,2'^i^  tt?'™™f"Sl!£ 
cemented  a  brass  cap  with  a  glass  tube  3ipt  lots  the  tmniiin  o^iiiiiiiiii 
attached  to  its  open  extremity,  it  may  then  Sir'md™iuS'*'K™ 
be  supported  bj  a  small  tripod  of  iro"  "^ 


i   itud  npinrtlDiF   tin 
lU  sad  Mb*  te  tamlte'. 
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wire,  and  the  end  of  the  glus  tube  placed  in  a  tambler  contaiiiiiw  a 
■mall  quantitj  of  water  coloured  blue  with  solpbate  of  indigo!  u  h 
tolerablT  large  jar  conUiniiw  hydrogen  ia  now  placed  over  tiie  porous 
cell,  buSbles  ofgta  nutke  their  escape  at  the  end  of  the  tube,  beoauae 
the  bTdrogen  diffuses  itself  more  rapidlj  into  the  porooa  cell  than  the 
tit  wnich  it  alreadT  contains  passes  out.  When  the  jar  is  remored,  the 
revecse  occurs,  hjorogen  diffoaea  out  of  the  porout  cell,  and  the  blue 
liquid  riaesin  the  tube. 

This  diffnsiTe  force  preveBta  tha  accumulation  of  the  various  noxiona 
gases  on  the  earth,  ana  spreads  t'z^m  rapidlj  Uirou^  the  great  bulk  of 
the  atmosphere  Bniroundiug  the  globe. 

Although  air  and  other  gases  are  invisible,  the;  possess  the  property 
of  impenctiabilitf,  as  maj  be  easDv  proved  bj  various  eiperimenta. 
Hnving  ooened  a  pair  of  common  beUows,  stop  up  the  nocxle  secnrelj, 
and  it  is  toen  impossible  to  shut  them;  or,  fill  a  bladder  with  air  bf 
bloving  into  it,  and  tie  a  string  fast  round  the  neck;  vou  then  find  that 
you  cannot,  without  breaking  the  bladder,  press  the  sides  together. 

It  is  customuT  to  aaj  that  a  vessel  ia  empty  wheo  we  have  pouted  oat 
the  water  which  it  contained.  Having  provided  two  glass  vessels  full 
of  wkter,  place  each  of  them  in  an  empty  white  pan,  to  receive  the  over- 


flow, then  la;  an  orange  upon  the  surface  of  the  water  of  one  of  them, 
and  being  provided  with  a  cyUndrical  kIbss,  open  at  one  end,  with  a 
hole  in  the  centre  of  the  closed  end,  ptace  your  finger  firmly  over  the 
orifice,  and  endeavour,  h;  inverting  the  glass  over  the  orange,  and 
preaaing  upon  the  aorface  of  the  water,  to  make  it  enter  the  interior 
of  the  |3asa  cylinder ;  the  resistance  of  the  air  will  now  cause  the  water 
to  oremow  into  the  white  pan,  whilat  the  orange  will  not  enter.    The 
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orange  may  now  be  transferred  to  the  other  vessel  of  water,  and  oa 
removing  the  finger  from  the  orifice  of  the  cylindrical  glass,  and  in- 
verting it  as  before  over  the  orange,  the  air  will  rush  out  and  the  orange 
and  water  will  enter,  whilst  there  will  be  no  overflow  as  in  the  preceding 
experiment.  The  comparison  of  the  two  is  very  striking,  ana  at  once 
teaches  the  fact  desired. 

Whilst  the  vessels  of  water  are  still  in  use,  another  pretty  expmment 
may  be  made  with  the  metal  potassium.  Furst  tlurow  a  small  piece  of 
the  metal  on  the  surface  of  the  water,  to  show  that  it  takes  fire  on  con- 
tact with  that  fluid;  then,  having  provided  a  gas-jar,  fitted  with  a  cap 


Fig.  8.  Gtt-Jar  with  itop-ttock  eloied, 
and  potasiimn  in  ladle  j  ur  prtrenta  tba 
entroiioe  of  th«  water. 


FIff.  0.  Gaa-Jar ;  itop-ooek  open ; 
the  furpeseei^  the  water  enten^ana 
the  potasiiom  ia  inflamed. 


and  stop-cock,  and  a  little  spoon  screwed  into  the  bottom  of  the  stop- 
cock inside  the  gas-jar,  place  another  piece  of  potassium  in  the  little 
spoon,  and,  after  closing  the  stop-cock,  push  the  jar  into  one  of  the 
vessels  of  water :  as  before,  the  impenetrability  of  the  air  prevents  the 
water  flowing  up  to  the  potassium ;  but,  on  opening  the  stop-cock,  the 
air  escapes,  the  water  rushes  up,  and  directly  it  touches  the  potassium, 
combustion  ensues. 

Having  sufficiently  indicated  the  nature  and  meaning  of  impenetra- 
bility, we  may  proceed  to  discuss  experimentally  three  other  marked 
and  special  qualities  of  mattor— viz.,  inertia^  ffravify,  and  weigki. 


IKBETIA,    OB   FASSIVEMES3. 

Inertia  a  a  pcwer  which  (according  to  Sir  Isaac  Newton)  u  impluiled 
in  all  matter  of  resUtiug  an;  cbange  Tram  a  state  of  rest.  It  u  sometimes 
called  fii  inertia,  and  is  that  propertj  possessed  b;  all  matter,  of  re- 
aiainiog  at  rest  till  set  in  motion,  and  vkt  vaid;  and  it  expresses,  in 
brief  terms,  resistance  to  motion  or  rest. 

A  pendulum  clock  wound  up  and  read;  to  go,  docs  not  commence  Its 
movements,  until  the  inertia  of  the  peadultim  is  overcome,  and  motion 
imparted  to  it.  On  the  other  ban^  when  seated  in  a  cairiage,  should 
an;  obstruction  cause  the  horse  to  stop  suddenl;,  it  is  onl;  peihaps  bj 
a  violent  effort,  if  at  aQ,  that  we  can  resist  the  onward  moTement  of  our 
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bodies.  To  illustrate  inertia,  construct  a  metal  traj,  about  three  feet 
long,  two  feet  wide,  aad  two  inches  deep,  with  a  glass  bottom,  and 
Uran^e  it  on  a  framework  supported  b;  legs,  like  a  tabic,  and  having 
filled  it  with  water,  let  the  room  be  darkened,  and  tbvn  place  under  the 
tank  a  lighted  candle,  at  a  sufficient  distance  from  the  f;lBS9  to  prevent 
the  heat  cracking  it.  If  a  piece  of  calico  or  paper,  stretched  on  a  frame- 
work, be  now  hdd  over  the  water  at  an  angle  of  about  thirt;  d^rees, 
all  that  occurs  on  the  surface  of  the  water  wQl  be  rendered  viaiole  on 
snob  screen.  Atteotion  ma;  now  be  directed  to  the  quiescejicc,  or  the 
inertia  of  the  water,  while  the  opposite  condition  of  movement  and 
formation  of  the  waves  ma;  be  bcsutifull;  shown  b;  touching  the  sur- 
lace  of  the  water  with  the  finger;  the  miniature  waves  being  depicted 
on  the  screen,  and  continuing  their  motion  till  set  at  rest  b;  stnluop 
against  the  sides  of  the  tb  tra;. 
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Should  the  above  experiment  l>c  thouglit  too  troublesome  or  eipen- 
BiTC  to  prepue,  inertia  may  be  demonstrated  bj  filling  a  tea-cap  or  otber 
ConTement  vessel  with  water,  and  aft^r  moTTig'  npidlj  with  it  in  an; 
direetion,  if  we  stop  Buddenlj,  the  rigidity  of  all  parts  of  the  enp  we 
hold  brinfs  them  simultaneonslj  to  a  state  of  rest ;  but  the  mobility  of 
the  liquid  particles  allows  of  their  continuing  in  motion  in  their  original 
direction,  and  the  liquid  is  spilled.  Thus,  carelessoesa  in  handing  and 
spilling  a  eiip  of  tea  (thougb  act  to  be  recommended)  serrea  to  illustrate 
an  important  principle.  TliB  inertia  of  bodies  in  motion  is  farther  and 
lameatahlj  illustrated  by  the  accidents  caused  from  the  sudden  stoppa^ 
of  a  railwa;  traiu  vhilst  in  rapid  motion,  when  heads  and  knees  come  u 
contact  with  frightful  results. — It  is  more  especially  demonstrated  by 
the  earth,  the  moon,  and  the  other  planets  continuing  their  motion  for 
erer  in  the  absence  of  any  friction  or  resistance  to  oppose  their  onward 
progress.  It  is  the  friction  arising  from  the  roughness  of  the  grooitd, 
the  resistance  of  the  air,  and  the  force  of  the  earth's  attraction,  which 
puts  a  stop  to  bodies  set  in  motion  abont  the  sorlaoe  of  the  euth. 
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Inertia  represents  a  passive  force,  ffntoiUUum,  an  active  condition  of 
matter ;  and  this  latter  may  tmly  be  termed  a  force  of  attraction,  beoause 
it  acts  between  masses  at  sensible  or  insensible  distances :  it  is  iUos- 
trated  by  a  stone,  unsupported,  falling  to  the  ground ;  by  the  stone 
pressing  with  foroe  on  the  earth,  and  requiring  power  to  raise  it  from  the 
ground :  indeed,  it  is  commonly  reported  that  it  was  by  an  accident — 
"  an  apple  falling  from  a  tree" — ^that  the  great  Newton  was  led  to  reflect 
on  the  universal  law  of  gravitation,  ana  to  pronounce  upcm  it  in  the 
following  memorable  words : — 

"  Every  particle  of  matter  in  the  universe  attracts  every  other  particle 
of  matter  with  a  force  or  power  directly  proportional  to  the  quantity  oj 
matter  in  each,  and  decreasing  as  the  squares  of  the  distances  which  sepa- 
rate the  particles  increase" 

These  words  may  appear  very  obscure  to  our  iuvenile  readers ;  but 
when  dissected  and  examined  properly,  thev  clearly  define  the  property 
of  gravitation.  Por  instance,  "every  particle  attracts  every  other  with 
a  force  profjortional  to  the  quantity  of  matter  in 
each."  This  statement  was  veriied  some  years 
back  by  Maskelyne,  who,  having  sought  out  and 
discovered  a  steep,  precipitous  rock  in  the 
Schichallion  mountains,  in  Scotland,  suspended 
from  it  a  metal  weight  by  a  cord,  and  going  to 
a  convenient  distance  with  a  telescope,  and  ob* 
serving  the  weight,  he  found  that  it  did  not 
hang  perpendicularly,  like  an  ordinary  plumb- 
line,  but  was  attracted,  or  impelled,  to  the  sides 
of  the  rock  by  some  kind  of  attraction,  which,  of 
course,  could  be  no  other  than  that  indicated 
by  Newton  as  the  attraction  of  gravitation. 

This  truly  wonderful  power  of  attraction  per- 
vades all  masses ;  and  oeing,  as  before  stated, 
proportional  to  the  quantity  of  matter,  if  a  man 
could  be  transported  to  the  surface  of  the  sun, 
he  would  become  about  thirty  times  heavier :  he 
would  be  attracted,  or  impelled,  to  the  sun  with 
thirty  times  more  gravitating  force  than  on  the 
surface  of  the  earth,  and  would  weigh  about  two 
tons.  Of  course,  nursing  a  baby  on  the  sun's  ^^.^^.  *««  ^...^u-iuwn 
surface  would  be  a  very  serious  affair  with  our  Bocks.  The  dotted  line  and 
ordinal  strength ;  whilst  on  some  of  the  smaUer  S^^^ZT'.Wb-' 
planets,  such  as  Ceres  and  Pallas,  we  should  pro-  line,  whilst  the  line  of  the 
bably  gravitate  with  a  force  of  a  few  pounds  "^^^^  "^  indicates  (of 
only,  and  with  the  same  muscular  power  now  raUon)  the  attractive  poww 

possessed,  we  should  quite  emulate  tne  exploits  ®'  ***®  »"•  of  *^ *" 

of  those  domestic  litUe  creatures  sometimes  dS^lSf"'^'^ 


Fig.  12.  The  Schichallion 


the  rock 
peipea* 
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called  "the  indastrious  fleas,"  and  our  jumping  would  be  sometiiii^ 
marveUous. 

There  is  no  very  good  lectnre-iable  experiment  that  will  illustrate 
gravitation,  although  attention  may  be  directed  to  the  fact  of  a  piece  of 
potassium  thrown  on  the  surface  of  water  in  a  pLite  generally  rushing 
to  the  sides,  and,  as  if  attracted,  attaching  itself  with  great  force  to  the 
substance  of  the  pottery  or  porcelain;  or,  if  a  model  ship,  or  lump  of 
wood,  be  allowed  to  float  at  rest  in  ft  Iftrge  tank  of  water,  and  a  number 
of  light  chips  of  wood  or  bits  of  straw  be  thrown  in,  they  generally  col- 
lect and  remain  around  the  bu^r  floating  mass. 

A  very  ^ood  idea,  however,  may  be  afforded  of  the  universal  action  of 
gravity  maintaining  all  things  in  their  natural  position  on  the  earth  by 


Fig.  IS. 

A.  Tltf  eeotn  balL  wprwtfaig  the  earth's  centre  of  gtifMj. 

w  w  w  w.  Four  inree  flied  Into  oentre  ball,  and  paaaing  Umngh  nd  leeoMd  In  0m 
hoop,  projecting  abont  one  foot  tram  the  drcmnibrenoe. 

B  B  B  B.  Two  balli— a  model  ship  and  toy— working  on  the  wIvbb  like  beada,  with  viA* 
tanlied  India^niY'bA  straps  attached  to  them  and  the  droanihnooe  of  tho  hoofs 
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Ufang  §.  hoop  Rod  unnginc;  ia  tod.  npon  it  balls,  or  s  toodal  shqi,  or 
other  toj,  uid  vires,  as  depicted  is  our  diagnun. 

With  tliis  umple  ^ipar^ua  we  nuj  illostntte  the  upward,  downwud, 
■ad  aideray  moTeraeut  of  bodiea  from  the  esrtli,  and  the  ooanteiaction 
in  the  force  of  ^ntation  of  an;  teudencj  of  matter  to  fall  awa;  iri»n 
ue  globe,  vhioh  is  represented  in  the  modu  bj  the  india-rubber  springa 
pollmg  the  balls  and  toys  back  again  to  the  oircnmferenoe  of  the  mx^. 

The  attraction  of  gravitation  decreases  (quoting  the  remabder  of 
Newton's  definition)  as  the  squares  of  the  distAnoes  vhioh  separate 
the  particles  increase — i.e.,  it  obeys  the  principle  called  "inTerse  pro- 

eion" — vis.,  the  gre&ler  the  distance,  the  less  gravit^i^  pnwer ;  the 
the  distuoe,  the  grotter  the  power  of  graTitation.  GraTitation  is 
like  the  diatiibntioo  of  light  and  other  radiant  forces,  and  ma;  be  thns 
illustrated. 


To  make  the  comparison  between  the  propagation  of  light  and  the 
attraction  of  gravitation,  we  hare  onl;  to  imagine  the  candle,  a,  to 
represent  the  point  where  tbe  foroe  of  gravitv  exists  in  the  hichest 
degree  of  intensit; ;  suppose  it  to  be  the  son — tne  great  centre  of  this 
power  in  our  planetor;  srstem.  A  bod;,  as  at  No.  1,  at  an;  given 
distance  will  be  attracted  (like  iron-filings  to  a  magnet)  with  a  certun 
force ;  at  twice  the  distance,  the  square  of  two  being  four,  and  b;  in- 
verse proportion,  the  attraction  will  be  four  times  less;  at  thrice 
tbe  distance,  nine  times  less ;  at  the  fourth  distance,  sixteen  times  less  ; 
and  so  on.  Witli  the  assistance  of  this  law,  we  ma;  calculate, 
roughly,  the  depth  of  a  well,  or  a  precipice,  or  a  column,  by  ascer- 
taimng  the  time  occapied  in  the  fall  of^  a  stone  or  other  hear;  snb- 
stance.  A  falling  body  descends  about  16  feet  in  one  second,  64  feet 
in  two  seconds,  114  feet  in  three  seconds,  S56  feet  in  foor  seconds, 
400  feet  in  five  seconds,  G76  feet  in  six  seconds ;  the  spaces  passed  over 
being  ss  the  squares  of  the  times. 

Suppose  a  stone  takes  three  seconds  in  falling  to  the  snrface  of  the 
water  in  a  well,  then  3  X  3  =  9  x  16  =  144  feet  would  be  a  rongh 
estimate  of  the  depth.  The  calculation  will  exceed  the  truth  in  con- 
foqnence  of  the  stoat  being  retarded  in  its  passage  by  tbe  resistance  of 
the  air. 


14 


boy's  platbook  of  sciencb. 


All  bodies  {pranitate  equally  to  the  earth :  for  instanoe,  if  an  open  box, 
say  one  foot  in  length,  two  mches  broad,  and  two  inohee  deep,  be  pro- 
vided with  a  nicely-fitted  bottom,  attached  by  a  hinge,  a  number  of 
anbstanoes,  such  as  wood,  cork,  marble,  iron,  lead,  copper,  may  be 
arranffed  in  a  row;  and  directlj  the  hand  is  withdrawn,  tne  moveable 
flap  flies  open,  and  if  the  mampnlation  with  the  disengagement  of  the 
trap-door  is  good,  the  whole  of  the  substances  are  seen  to  proceed  to  the 
earth  in  a  straight  line,  as  shown  in  our  drawing. 


Tig.  16. 
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If  a  heavy  substance,  like  gold,  be  greatly  extended  by  hammering 
and  beating  into  thin  leaves,  and  then  dropped  from  the  nand,  the  re- 
sistance of  the  air  becomes  very  apparent ;  and  a  gold  coin  and  a  piece 
of  gold-leaf  would  not  reach  tne  earth  at  the  same  time  if  allowed  to 
full  from  any  given  height.  This  fact  is  easily  displayed  by  the  assis- 
tance of  a  long  glass  cylindrical  vessel  placed  on  the  air-pump,  with  suit- 
able apparatus  arranged  with  little  stages  to  carry  the  different  sub- 
stances ;  upon  two  of  them  may  be  placed  a  feather  and  a  gold  coin,  and 
on  the  third,  another  gold  coin  and  a  piece  of  gold-leaf. 

In  arranging  the  experiment,  great  care  ought  to  be  taken  that  the 
little  stages  are  all  nicely  cleaned,  and  free  from  any  oil,  grease,  or  other 
matter  wnich  might  cause  the  feathers  or  the  gold-leaf  to  cling  to  the 
stages  when  they  are  disengaged,  by  moving  Uie  brass  stop  round  that 
wonts  in  the  collar  of  leathers.    Sometimes  these  leathers  are  oiled,  and 
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in  that  case,  vhen  the  vacatun  is  made,  the  oil,  b;  tlie  pmsare,  ia 

squeezed  out,  and,  passing  down,  maj  reach  the  stages  and  spoil  the 

experiment,  by  consing  the  feathers  and  gold- 
leaf  to  stick  to  the  brass,  prodncing  neat  dis- 
appointment, as  the  illustntion,  nanoll;  called 

the  "guinea  amd  ftatktr  gUu  experimmt" 

takea  some  time  to  prepare.    The  air-pump  ^ 

being  in  good  order,  tlie  long  glass  is  first 

greased  on  the  lower  welt  or  edge,  and  then 

placed  firmlv  on  the  air-pnrap  plate.     The  top    . 

edpe,  or  welt,  maj  now  be  Hteaaed,  and  the    i 

g<M  coins,  feathers,  and  gold-leaf  arranged  in    , 

the  drop-apparatus ;  this  is  carefull;  pUced  on    i 

the  top  of  the  glass,  and  Ormly  squeezed  down. 

The  author  has  always  found  a  tallow  candle, 

roUed  in  a  sheet  of  paper  (so  as  to  leave  about 

half  the  candle  exposed),  the  best  grease  to 

smear  the  glass  | 
with  for  air- 
pump  eiperi- 
ments;  if  the 
weather  iscold, 
the  caudle  ma; 

be  placed  for  a  few  minutes  before  an 
Dnfinary  fire  to  soften  the  tallow.  Po- 
matum answers  perfectly  well  when  the 
snrfacea  of  glass  and  brass  are  all  nicely 

Cund;  but  as  air-pumps  and  glasses 
,  use  get  scratched  and  rubhed,  the 
tallow  seems  to  fill  up  better  all  ordi- 
nary chaimels  by  which  air  ma;  enter 
to  spoil  a  TaCDUm. 

Ine  apparatus  being  now  arranged, 
the  air  is  pumped  out ;  and  here,  again, 
care  must  be  taken  not  to  shake  the 
gold  off  the  stages.  When  a  proper 
TacDam  has  been  obtained,  whicD  will 
be  shown  by  the  pump.gauge,  the  stop 
ia  withdrawn  from  one  of  the  stages, 
and  the  eold  and  feather  are  seen  to 
fall  simultaneously  to  the  air-pomp 
plate.  Another  stage,  with  the  gold- 
leaf  and  com,  may  now  be  detached ; 
both  showinK  distmctly,  that  when  the 
resbtance  of  the  air  is  withdrawn,  all 
bodies,  whether  called  liffU  or  iauy, 
mvitate  equally  to  the  earth.  Then, 
the  screw  at  the  bottom  of  the  pump- 
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bureli  being  opened,  attentian  wkj  be  directed  to  the  vhluiiig  ooisa 
the  ur  makes  on  entering  the  vacunni,  and  ffhen  the  aix  is  once  more' 
restored  to  Ibe  long  gUss  vessel,  the  last  stiffe  mav  be  alloved  to  fall ; 
■ud  now,  the  gold  com  reaches  the  pump-plate  first,  and  the  feather, 
Ungering  behind,  loses  (as  it  were)  the  race,  and  touches  the  plate  after 
the  golacoin;  thus  dcmonstreting  clearlj  the  resistanoe  of  the  air  to 
falling  bodies. 
Another,  and  perhaps  less  tninblesome,  mode  of  showing  the  same  fac^ 
le  a  long  class  tube  closed  at  each  end  with  brass  caps  c<~  ~  ~   ' 


One  cap  should  have  the  lar^t  possible  aperture  closed  by  a 
.__ss  screw,  and  the  other  may  fit  a  small  hand-pomp. 
If  a  piece  of  gold  and  a  small  feather  are  placed  in  the  tube,  it  ma^ 


be  shown  that  the  former  reaches  the  bottom  of  the  tube  first,  whilst  it 
is  full  of  air,  and  when  the  nir  is  withdrawn  bj  means  of  the  pump,  and 
the  tube  again  inverted,  both  the  gold  and  tlie  feather  fall  in  "  ~ 
time. 


For  this  reason,  all  attempts  to  measure  heights  or  depths  by  obserring 
the  time  occupied  b;  a  follmg  bod;  in  reaching  the  earth  must  be  in- 
correct, and  con  onlr  be  rough  approximations.  An  experiment  tried  at 
St.  Paul's  Cathedra^  with  a  stone,  which  was  allowed  to  M  from  the 
cupola,  indicated  the  time  occupied  in  the  descent  to  be  four  and  a  half 
seconds:  now,  if  we  square  this  time,  and  multiply  b;  IG,  a  height  of 
3S4  feet  is  denoted ;  whereas  the  actual  height  is  onl;  S72  feet,  and  the 
difference  of  5S  feet  shows  how  the  stone  was  retarded  in  its  passage 
through  the  air ;  for,  had  there  been  no  obstacle,  it  would  liave  reached 
theground  in  i^ths  seconds. 

The  force  of  ^vitation  is  further  demonstrated  bj  the  action  of  the 
sua  and  moon  raising  the  waters  of  the  ocean,  and  prodncing  the  tides; 
and  also  bj  the  earth  and  moon,  and  other  planets  and  satellites,  being 

frevented  from  flying  from  their  natural  paths  or  orbits  around  the  sun. 
t  is  also  Tcry  clearly  proved  that  there  must  be  some  kind  of  attractive 
force  resident  in  the  earth,  or  else  all  moveable  things,  the  water,  the 
air,  the  living  and  dead  matters,  would  fly  away  from 
the  surface  of  the  earth  in  obedience  to  woat  is  called 
"centrifugal  force."     Our  earth  is  twenty-four  hours 
in  performing  one  rotation  on  its  axis,  which  is  an  ima- 
I  gmary  line  drawn  from  pole  to  pole,  and  represented 
'   by  the  wire  round  which  we  cause  a  sphere  to  rotate. 
All  objects,  therefore,  on  the  eartli  are  moving  witli 
the  phmet  ai  an  enormous  velocity ;  and  this  movi 
nii.M,         ii  called  the  earth's  diurnal,  or  daily  rotation. 
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it  will  be  remembered,  that  mud  or  other  fluid  matter  flies  off,  and  is 
not  retained  by  the  circnmferenoe  of  a  wheel  in  motion :  when  a  mop  is 
trundled,  or  a  dog  or  sheep,  after  exposure  to  rain,  shake  themselves, 
the  water  is  thrown  off  by  what  is  called  centrifog^  force  (mh^hmh,  a 
centre,y«^u>,  to  fly  from). 


CHAPTER  n. 


CE5TBI7U6AL  PORCE. 


That  power  which  drives  a  revolving  body  from  a  centre,  and  it 
may  be  illustrated  bv  taming  a  closed  parasol,  or  umbrella,  rapidly 
round  on  its  centre,  tne  stick  being  the  axis — ^the  ribs  fly  out,  and  if 
there  is  much  friction  in  the  parts,  the  illustration  is  more  certain  bv 
attaching  a  bullet  to  the  end  ot  each  rib,  as  shown  in  our  drawing. 


«g.: 


Fig.  31. 


The  same  fact  may  be  illustrated  by  a  sqiare  mahogany  rod,  say  one 
mch  square  and  three  feet  long,  with  two  flaps  eighteen  inches  in  length, 
hanging  bv  hinges,  and  parallel  to  the  sides  of  the  centre  rod,  which 
immediately  flv  out  on  the  rotation  of  the  long  centre  piece. 

The  toy  called  the  centrifugal  railway  is  also  a  very  pretty  illustration 
of  the  same  fact.  A  glass  of  water,  or  a  coin,  may  be  placed  in  the 
little  carriage,  and  although  it  must  be  twice  hanging  perpendicular  in  a 
line  with  Uie  earth,  the  carriage  does  not  tumble  away  from  its  ap* 
pointed  track,  and  the  centrifugal  force  binds  it  firmly  to  tne  int-erior  ol 
the  circle  round  which  it  revolves. 
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Fig.  23. 

Another  striling  «ai  verj  simple  illostrotioD  u  to  suspend  a  hemi- 
spherictJ  cup  b;  three  cords,  and  tumng  twisted  them,  bj  turning  Tonnd 
toe  cup,  it  roBj  be  filled  with  water,  aud  directly  the  hand  is  withdntvu, 
the  torsion  of  the  cord  causes  the  cup  to  rotate,  and  the  water  describes 
a  circle  on  the  floor,  fljing  off  at  a  iaogeut  from  tbc  cup,  as  m^  be 
noticed  in  the  accompanjing  cut. 


A  hoop  when  trundled  would  tumble  on  its  side  if  tbe  force  ol  gravi- 
tation was  not  orercomc  by  tbe  centrifugal  force  which  imparts  to  it  it 
motion  in  the  direction  of  ■  tangent  {tango,  to  touch]  to  a  cmde.  The 
same  principle  ajjplies  to  tho  spinning-toji — this  toy  cannot  be  made  to 
stand  upon  its  point  nntil  set  in  rapid  motion. 

Ketuming  again  to  the  subject  of  gravitation,  we  may  now  consider 
it  in  relation  to  other  and  more  magniflcent  examples  whidi  we  dis- 
cover by  studying  the  science  of  astronomy. 
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CHAPTER  m. 

THE  SCIENCi:  OF  A8TB0H01CT. 

Ik  a  work  of  this  kind^  professedly  devoted  to  a  very  brief  and  popular 
view  of  the  different  scientific  subjects,  much,  cannot  be  said  on  any 
special  branch  of  science ;  it  will  l>e  better,  therefore,  to  take  up  one 
subject  in  astronomy,  and  by  discussing  it  in  a  simple  manner,  our  young 
friends  may  be  stimulated  to  learn  more  of  those  glorious  truths  which 
are  to  be  found  in  the  published  works  of  manv  eminent  astronomers, 
and  especially  in  that  of  Mr.  Hind,  called  "  The  Illustrated  London 
Astronomy."  One  of  the  most  interesting  subjects  is  the  phenomenon 
of  the  echpse  of  the  sun ;  and  as  1858  is  litely  to  be  long  remembered 
for  its  *'  annular  eclipse/'  we  shall  devote  some  pages  and  illustrations 
to  this  subject. 

Eclipses  of  the  sun  are  of  three  kinds — ^partial,  annular,  and  total. 
3fany  persons  have  probably  seen  large  partial  eclipses  of  the  sun,  and 
nay  possibly  suppose  that  a  total  eclipse  is  merely  an  intensified  form  of 
8  paiiial  one ;  bat  astronomers  assert  that  no  degree  of  partial  eclipse, 
even  when  the  very  smallest  portion  of  the  sun  remains  visible,  gives 
the  sliffhtest  idea  of  a  total  one,  either  in  the  solemnity  and  overpower- 
ing influence  of  the  spectacle,  or  in  the  curious  appearances  which  accom- 
pany it. 

The  late  Mr.  Baily  said  of  an  eclipse  (usually  called  that  of  Thales), 
which  caused  the  suspension  of  a  battle  between  the  Lydiansand  Medes, 
that  only  a  total  eclipse  could  have  produced  the  effect  ascribed  to  it. 
Even  educated  astronomers,  when  viewing  with  the  naked  eye  the  sun 
nearly  obscured  Jby  the  moon  in  an  annular  eclipse,  could  not  tell  that 
any  pari  of  the  sun  was  hidden. 

Duirinf  the  continuance  of  a  total  eclipse  of  the  sun,  we  are  permitted 
a  hastyglance  at  some  of  those  secrets  of  Nature  which  are  not  revealed 
at  any  other  time — glories  that  hold  in  tremulous  amazement  even 
veteran  explorers  of  toe  heavens  and  its  starry  worlds. 

The  general  meaning  of  an  eclipse  may  be  shown  very  nicely  by  light- 
ing a  common  oil,  or  oxy-hydrogen  lantern  in  a  darkened  room,  and 
throwing  the  rays  which  proceed  from  it  on  a  three-feet  globe.  The 
lantern  may  be  called  the  sun,  and,  of  course,  it  is  understood  that  cor- 
rect comparative  sizes  are  not  attempted  in  this  arrangement ;  if  it  were 
so  the  globe  representing  the  earth  would  have  to  be  a  mere  speck,  for 
If  we  make  the  model  of  the  sun  in  proportion  to  a  three-feet  globe,  no 
ordinary  lecture  hall  would  contain  it.  This  being  premised,  attention 
is  direct^  to  the  lantern,  which,  like  the  sun,  is  self-luminous,  and  is 
giving  out  its  own  rays;  these  fall  upon  the  globe  we  have  designated 
Uie  earth,  and  illuminate  one  half,  whilst  the  other  is  shrouded  in  dark- 
ness reminding  us  of  the  opacity  of  the  earth,  and  teaching,  in  a  familiar 
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mumer,  the  csoses  of  da;  and  night.  Another  globe,  mlj  bix  inches  in 
di&met^,and  supported  bf  a  string,  ma^  be  compued  to  the  moon,  and, 
like  the  earth,  is  now  luminons,  and  shines  only  by  borrowed  lieht :  the 
moon  ia  simply  a  reBector  of  light ;  lilf  e  a  sheet  of  white  cftrdbDord,  or 
a  metallic  mirror.  When,  therefore,  the  small  globe  is  passed  between  the 
lantern  and  the  largi  globe,  a  shadow  is  cast  on  the  lantern :  it  i^  also 
seen  that  only  the  baU  of  the  small  globe  tuned  towards  the  lantern  is 
illuminated,  while  the  other  half,  opposite  the  Uige  globe,  is  in  shadow 
or  darkness.  And  here  we  understand  why  the  moon  appears  to  be 
black  while  passing  before  the  sun ;  so  also  by  movisK  the  small  globe 
about  in  vanons  curves,  it  is  shown  why  echpses  are  omy  visible  at  cer- 
tam  parts  of  the  earth's  surface ;  and' as  it  would  take  (roughly  epeak- 
iDg]  iftT  globes  as  large  as  the  moon  to  make  one  equal  in  size  to  our 
earth,  the  shadow  it  oasts  must  necessarily  be  small,  and  cannot  obscure 
the  whole  hemisphere  of  the  earth  tnmed  towards  it.  An  eclipse  of  the 
sun  ia,  tiierefore,  gaused  by  the  opaque  mass  of  moon  passing  between 
the  son  and  the  evth.  miilst  an  eclipse  of  the  moon  is  caused  by  the 
earth  moving  directly  between  the  sun  and  the  moon:  the  large  shadow 
oast  by  the  earth  renders  a  t^ital  eclipse  of  the  moon  visible  to  a  greatei 
number  of  spectators  on  that  half  of  the  earth  turned  towards  the  moon. 
All  these  facta  can  be  clearly  demonstrated  with  the  arrangement  alrewlj 
described,  of  which  we  give  the  following  pictorial  illnatntion  ■•'— 


Flf.U. 

In  usmg  this  apparatns,  it  should  be  explained  that  if  the  moon  were 
as  Urge  as  the  sun,  the  shadow  would  be  cylindrical  like  the  figure  1,  and 
of  an  unlimited  length.  If  she  were  of  greater  magnitad^  it  would 
precisely  resemble  tlie  shadow  cast  in  the  experiment  already  addiiced 
with  the  lantern  and  shown  at  No.  3.  But  being  so  very  much  smaller 
than  the  sun,  the  moon  projects  a  shadow  which  converges  to  a  point  as 
shown  in  the  third  diagriun. 


T^  bohhob  or  abtsokomt. 


'()    (»     J 


ne-w. 


In  otder  to  oom^hend  the  difference  betveeu  ui  annular  luid  ■  total 
ealipM  of  the  sun,  it  is  necessai;  to  mention  the  apparent  sizes  of  the 
Bun  and  moon :  thna,  the  fonner  ia  a  very  large  body — tu.,  eight 
hundred  and  eighty -Bcren  thonsand  milet  in  diameter;  bnt  then,  the  son 
is  a  Ten  long  way  off  from  the  earth,  and  ia  ninety  millions  of  miles 
distant  from  lU)  therefore,  he  does  not  appear  to  be  very  large:  indeed, 
the  Bnn  seems  to  be  aboat  the  same  size  as  the  moon ;  for,  althongh  the 
son's  diameter  is  (ronghly  speaking)  four  hondred  times  greaterthan 
that  of  the  moon,  he  is  four  nundrni  times  farther  away  from  ns,  and, 
ooDseqaently,  the  sun  and  moon  appear  to  be  the  same  size,  and  vhen 
they  come  in  a  straight  line  vith  the  eye,  the  nearer  and  smaller  body, 
the  moon,  covers  the  larger  and  more  aistact  mass,  the  sun ;  and  henoe, 
we  hare  either  an  annnlu,  or  a  tots!  eclipse,  showing  hov  a  small  body 
may  come  between  the  eye  and  a  laiger  body,  and  either  partially  ot 
completely  obscure  it. 
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With  reapeot  tcr  an  aimalar  eclipse,  it  mnst  be  remembered,  thit  tho 
paths  of  ttUbodies  revolTing ronnd  others  are  elUtitical ;  i.e.,  they  lak« 
place  ia  the  form  of  an  ellipse,  vbich  ii  a  figure  euilj  demoostniteil ; 
and  is,  in  (act,  one  of  the  conic  sectloiu. 

Ifaslicebe  ta]ceaonaoone,puBllelinth  thebase^wehaTeacirclB 


Nov,  the  ellipse  has  two  points  vithin  it,  caUed  "  the  foci,"  and  these 
■re  easily  indicated  bj  drawiog  an  ellipse  on  a  diagram-board,  in  which 
two  nails  have  been  placedina  straight  One,  and  about  twelve  inches  apart. 
Having  tied  a  string  so  as  to  make  a  loop,  or  endless  cord,  a  cuclo 
may  first  be  drawn  by  pattutg  the  cord  round  one  of  the  nails,  and 
houUng  a  piece  of  challc  in  the  loop  of  the  string,  it  may  be  extended 
to  its  mil  oistance,  and  a  circle  described ;  here  a  figure  is  prodnoed 
ronnd  oae  point,  and  t^  show  the  difference  between  a  orcle  and  aa 
ellipse,  the  endless  cord  is  now  placed  on  the  two  nails,  and  the  chalk 
being  carried  ronnd  inside  the  string,  no  longer  produces  the  circle,  but 

that  familiar  form  called  the  oval.    / '  

has  been  struck ;  and  the  two  pointa  n 
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Fig.  31. 

are  called  the  j^'.  This  explanation  enables  ns  to  understand  the  next 
diiigram,  showing  the  motion  of  the  earth  round  the  sim ;  the  latter 
being  placed  in  one  of  the  foci  of  a  very  moderate  ellipse,  and  the 
Tarions  points  of  the  earth's  orbit  de8ifi;nated  by  the  little  round  globes 
marked  a,  b,  c,  d,  where  it  is  eyident  that  the  ^urth  is  nearer  to  the  sun 
at  B  than  at  d.  In  this  diagram  the  ellipse  is  exaggerated,  as  it  ought, 
in  fact,  to  be  Tciy  nearly  a  circle. 


* 
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Fig.  82. 

We  are  about  three  millions  of  miles  nearer  to  the  sun  in  the  winter 
than  we  are  in  the  summer ;  but  from  the  more  oblique  or  shmting 
direction  of  the  rays  of  the  sun  during  the  wiuter  season,  we  do  not 
derive  any  increased  heat  from  the  greater  proximity.  The  sun,  there- 
fore, apparently  Taries  in  size ;  but  this  seeming  difference  is  so  trilling 
that  it  is  of  no  miportance  in  the  ^scussion :  and  here  we  may  ask«  why 
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does  tbe  earth  more  roimd  the  son?  Beeniae  it  is  impeJled  bj 
/orca,  one  of  which  has  already  been  fnlly  explained,  and  is  called  te 
ee»trtfwgal  power,  and  the  other,  althoogh  termed  the  eeairipeUd  fone^ 
is  only  anotner  name  for  the  **  attractkn  of  graTitation." 


Fig.  83. 


To  show  their  mutoal  rehtions,  let  us  suppose  that,  at  the  creation  of 
tte  nniTerse,  the  earth,  marked  a,  was  hurled  from  the  hand  of  its 
Maker;  aooording  to  the  law  of  inertia,  it  would  continue  in  a  stndght 
line,  A  c,  for  ever  through  space,  provided  it  met  with  no  resistance  or 
obstruction.  Let  us  now  suopose  the  earth  to  have  arrived  at  the 
point  B,  and  to  come  withm  the  sphere  of  the  attraction  of  the  sun  s; 


Fig.  84. 


THE  SCIENCE  OF  ASTRONOXT. 


25 


bere  we  have  at  once  contending  forces  acting  at  right  angles  to  each 
other ;  either  the  earth  must  continne  in  its  originiu  direction,  a  c,  or 
fall  gradually  to  the  sun.  But,  mark  the  beauty  and  harmony  of  the 
arrangement :  like  a  billiard-bsdl,  struck  with  equal  force  at  two  points 
at  right  angles  to  each  other,  it  takes  the  mean  between  the  two,  or 
what  is  termed  the  diagonal  of  the  parallelogram  (as  shown  in  our 
drawing  of  a  biUiard-taUe),  and  passes  in  the  direction  of  the  curved 
line,  B  D ;  having  reached  d,  it  is  again  ready  to  fly  off  at  a  tangent ; 
the  centzifugal  force  would  carry  it  to 
X,  but  again  the  gravitating  force  con- 
trols the  centripetal,  and  the  earth 
pursues  its  elliptical  path,  or  orbit,  till 
the  Almighty  Author  who  bade  it  move 
shall  please  to  reverse  the  command. 

The  mutual  relations  of  the  centri- 
petal and  centrifugal  forces  may  be 
illustrated  by  suspending  a  tin  cylin- 
drical vessel  hj  two  strings,  and 
having  filled  it  with  water,  the  vessel 
may  be  swung  round  without  spilling 
a  single  drop ;  of  course,  the  movement 
must  be  commenced  carefully,  by  mak- 
ing it  oscillate  like  a  pendulum. 

The  cord  which  binds  it  to  the  finger 
may  be  compared  to  the  centripetal 
force,  whilst  the  centrifugal  power  is 
illustrated  by  the  water  pressing  against  the  sides  and  remaining  in  tlie 
vessel.    Upon  the  like  principles  the  moon  revolves  about  the  earth, 

but  her  orbit  b  more  ellip- 
tical than  that  of  the  earth 
around  the  sun ;  and  it  is 
evident  from  our  diagram 
that  the  moon  is  much  fur- 
ther from  the  earth  at  a 
than  at  b.  As  a  natural 
consequence,  the  moon  ap- 
pears sometimes  a  little 
larger  and  sometimes 
smaller  than  the  sun ;  the 
aoparent  mean  diameter  of 
tne  latter  being  thirty-two 
minutes,  whilst  the  moon's 
apparent  diameter  varies 
from  twenty-nine  and  a 
half  to  'hirty-three  and  a  half  minutes.  Now,  if  the  moon  passes  exactly 
between  us  and  the  sun  when  she  is  apparently  largest,  then  a  total  eclipse 
takes  place ;  whereas,  if  she  glides  between  the  sun  and  ourselves  when 
small^— i.0.,  when  furthest  off  fn>B»  the  earth — then  she  is  not  suffi- 


Fig.36. 
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cienllj  large  to  oorer  the  son  aitirelj,  bat  a  ring  of  smilig^t  mn^ia 
visible  uoond  her,  and  what  it  called  an  annular  eclipse  of  the  aitn 
occun.  Thia  fact  msy  be  shown  in  an  effectiTe  manner  b;  placing  the 
oxj-hydiogen  lantern  before  a  aheet,  or  other  white  anrface,  and  throw- 


ing a  bright  circle  of  light  npon  it,  which  may  be  called  the  bud  ;  then, 
if  aroni^disoof  woodbepused  between  the  lantern  and  the  sheet,  at 
a  certain  distanoe  from  the  noule  Of  the  lanteni,  all  the  light  is  cnt  o£ 
Uie  cirde  of  light  is  no  longer  apparent,  and  we  have  a  rcMmblance  to 
a  total  eclipse. 

B^  taking  the  ronnd  disc  of  wood  further  from  the  lantern,  end  re- 
peating the  eiperiment,  it  will  be  found  that  the  whole  circle  of  light 
B  not  obscureo,  bat  a  ring  of  light  spears  around  the  dark  cenbe,  cor- 
responding with  the  phenomenon  called  the  annular  (ring-ahaped) 
edipae, 

I?  a  bullet  be  placed  Terr  near  to  one  eje  whilst  the  other  remains 
closed,  a  la^  target  maj  oe  whollj  shot  ont  from  vinon ;  but  if  the 
bullet  be  adjuited  at  a  greater  distance  from  the  ere,  then  tlie  centre 
onlj  will  be  obscared,  uid  the  outer  edge  or  ring  of  Uke  taiget  remains 

When  the  advancing  edge,  or  Sist  lim6,  as  it  is  termed,  of  the  moon 
approaches  ittj  near  to  the  second  limb  of  the  aun,  the  two  are  joined 
tflgether  for  a  time  bj  alternations  of  black  and  white  points,  called 
BaiW's  beads. 

TLis  phenomenon  is  snpposed  to  be  caused  partly  b;  the  uneven  and 
mountainous  edge  of  the  moon,  and  parti;  b;  that  inevitable  fanlt  of 
telescopes,  and  of  the  nervous  sjstem  of  the  eje,  which  tends  to  enlarea 
the  images  of  luminons  objects,  producing  what  is  called  irradiation.  It 
is  exceedinglj  interesting  to  know  that,  although  the  clouds  obscured 
the  annular  eclipse  of  1868,  in  many  parts  of  England,  we  are  yet 
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Kit  the  recorded  obsenKtions  of  one  fbrtiuiAte  astronomer,  Mr.  Join 
Yeata,  who  states  that — 

"  All  the  pheaomeu  of  an  annular  eclipse  were  clearly  and  be&utifall; 
visible  on  the  FotheriLgsy-Castle-mound,  which  is  a  loiility  easily  iden- 
tified. Baiiya  beads  were  perfectly  plain  on  the  completion  of  the 
AJum/iM,  which  occunenoe  took  place,  according  to  my  ooserration,  at 
about  seventy  seconds  after  1  o'clock ;  it  lasted  about  eighty  seconds. 
The  '  beads,'  like  drops  of  water,  appeared  on  the  upper  and  under  sides 
of  the  moon,  occapjing  fully  tbre«-tourths  of  her  circumference. 

"  Prior  to  this,  the  upper  edge  of  the  moon  seemed  dark  and  rrmgh, 
and  there  were  no  other  changes  of  colour.  At  1313,  the  cusps,  for  a 
few  moments,  bore  a  very  blads  aspect. 

"  There  was  nothing  like  mtense  darkness  daring  the  eclipse,  and  less 
gloom  than  during  a  thunderstorm.  Bystanders  prognosticated  rain; 
But  it  was  the  shadow  of  a  tapidly-decUnrng  day.  At  I^  o'clock,  a  lady 
living  on  the  form  suddenly  eidfiiined,  'The  cows  are  coming  home 
to  be  milked!'  and  they  came,  aU  bat  one;  that  followed,  however, 
within  the  hour.  Cocks  crowed,  birds  fiew  low  or  fluttered  about 
uneasily,  but  every  object  far  and  near  was  well  defined  to  the  eye. 

"  A  singular  broodway  of  light  stretched  north  and  south  for  upwards 
of  a  quarter  of  an  hour ;  from  about  12-54  to  1*10  p.m. 

If  the  annular  ecHpse  of  the  sun  be  a  matter  for  wonderment,  the  total 
eclipse  of  the  same  is  much  more  surprising;  no  other  expression  than 
that  of  aaJkUf  grand,  con  give  an  idea  of  the  effects  of  tolality,  and  of 
the  sDddenness  with  which  it  obscures  the  light  of  heaven.  The  dark- 
ness, it  ii  said,  comes  dropping  down  like  a  mantle,  and  as  the  moment 
of  full  obscnratioQ  approaches,  people's  countenances  become  livid,  the 
horison  is  indistinct  and  sometimes  invisible,  and  there  is  a  general 
appearance  of  horror  on  all  sides.     These  are  not  simply  the  invention* 
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of  actirc  Iihidmi  imaginations,  for  they  prodaee  eqail,  if  not  greater 
effecta,  opon  the  bmte  creaLion.  M.  Aiigo  quotes  an  inatance  of  a  haif> 
•tarred  dog,  wbo  was  voracioa^j  dRTonniig  some  food,  bat  dropped  it 
the  instant  the  dai^ess  came  on.  A  svarm  of  ants,  bnailj  cngaget^ 
stopped  when  tbe  darkness  commenced,  and  Tcmained  motiouleaa  till 
the  right  reappeared.  A  herd  of  oien  collected  themselres  into  a  dnde 
and  stood  still,  with  their  horns  outward,  as  if  to  resist  a  common 
CDcmT ;  certain  plants,  snch  as  the  codtoItuIus  and  ailk-tice  acacia, 
doaed  their  lesTcs.  The  latter  statement  was  oarroborated  daring  the 
annular  eclipse  of  the  ISth  of  March,  1858,  b;  Hr.  B.  8.  I^ne,  who 
atates,  that  cioenses  at  the  Observatory,  Beeston,  had  their  blossoms 
apanded  before  the  eclipse ;  they  commenced  closing,  and  were  qnite 
shut  at  abont  one  minote  prerions  to  the  greatest  darkness ;  and  the 
E  opened  partially  tutont  twenty  minntes  afterwards.  A  "  Mat 
"  of  the  sun  has  always  impre^ed  the  human  mind  with  terror 
__  -  _nder  in  every  age  -.  it  was  always  supposed  to  be  the  forerunner 
of  evil;  and  not  only  is  the  mind  powerfully  impressed,  as  darimess 
gradually  sbuta  ont  the  face  of  the  sun,  but  at  the  moment  of  totality, 
a  magnificent  corona,  or  gloiy  of  hght,  is  visible,  and  prominences,  or 
flames,  as  they  are  often  termed,  make  their  u>peaianoe  at  different 
points  round  the  circle  of  the  da^  mass.  Tbs  glo:^  does  not  flash 
suddenly  on  the  eje,  but  commencm);  at  the  first  hmb  of  the  snn, 
passes  quickly  from  one  limb  to  the  other.    Our  illnstration  show* 


"the  corona"  and  the  "rose-colooreil  prominences,"  whose  naluio  we 

shaL  next  endeavour  to  explain.  Prolessor  Airy  describes  the  change 
from  the  last  narrow  crescent  of  light  to  the  entire  dark  moon,  aur- 
rounded  by  a  ring  of  faint  light,  as  most  carious,  striking,  and  magical 
b  effect.    The  progress  of  the  formation  of  the  corona  was  Mcn  dis- 
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tinctly.  It  commenced  on  the  side  of  the  moon  opposite  to  that  at 
which  the  sun  disappeared,  and  in  the  general  decay  and  disease  which 
seemed  to  oppress  all  natore,  the  moon  and  the  corona  appeared  ahnost 
like  a  local  sore  in  that  part  of  the  sky,  jand  in  some  places  were  seen 
doable.  Its  texture  appeared  as  if  fibrous,  or  composed  of  entangled 
threads ;  in  other  places  brushes,  or  feathers  of  lignt  proceede<lm)m 
it,  and  one  estimate  calculated  the  light  at  about  one-seventh  part  of  a 
full  moon  light.  The  question,  whether  the  corona  is  concentric  with 
the  sun  and  moon,  was  specially  mooted  by  M.  Arago,  and  Professor 
Baden  Powell  has  produced  such  excellent  imitations  of  the  '*  corona" 
by  making  opac^ue  oodies  occult,  or  conceal,  yery  bright  points,  that  it 
cannot  be  considered  as  material  or  real,  although  it  ought  to  be  re- 
membered that  the  best  theor^r  of  the  zodiacal  ught  represents  it  to  be 
a  nebulous  mass,  increasing  in  density  towards  the  sun,  and  yet  no 
portion  of  this  nebulous  mass  was  seen  during  the  totality.  But  oy  far 
the  most  remarkable  of  all  the  appearances  connected  with  a  "  total 
eclipse*'  are  the  rose-coloured  prominences,  mountains,  or  flames,  pro- 
jectmg  from  the  circumference  of  the  moon  to  the  inner  ring  of  the 
corona ;  and,  although  they  had  been  observed  by  Yaserius  (a  Swedish 
astronomer)  in  1733,  they  took  the  modem  astronomers  entirely  by 
surprise  in  1842,  and  they  were  not  prepared  with  instruments  to  ascer- 
tain the  nature  of  these  strange  and  almost  portentous  forms.  In  1851, 
however,  great  preparations  were  made  to  throw  further  light  on  the 
subject.  Professor  Airy  went  to  make  his  observations,  am  he  says, 
"lliat  the  suddenness  of  the  darkness  in  1851  appealed  much  more 
striking  than  in  1842,  and  the  forms  of  the  rose-coloured  monntidns  were 
most  curious.  One  reminded  him  of  a  boomerang  (that  curious  weapon 
thrown  so  skilfully  by  the  aborigmes  of  Australia) ;  this  same  figure  nas 
been  spoken  of  oy  others  as  resembling  a  Turkish  scimitar,  strongly 
coloured  with  rose-red  at  the  borders,  but  paler  in  the  centre.  Another 
form  was  a  pale-white  semicircle  based  on  the  moon's  limbs ;  a  third 
figure  was  a  red  detached  cloud,  or  balloon,  of  nearly  circular  form, 
separated  from  tiie  moon  by  nearly  its  own  breadth ;  a  fourth  appeared 
like  a  small  triangle,  or  conical  red  mountain,  perhaps  a  little  white  in 
the  interior;"  and  the  Professor  proceeds  to  saj,  "I  employed  myself 
in  an  attempt  to  draw  roughly  the  figures,  and  it  was  impossible,  after 
witnessing  the  increase  in  height  of  some,  and  the  disappearance  of 
another,  and  the  arrival  of  new  forms,  not  to  feel  convinced  that  the 
phenomena  belonged  to  the  sun,  and  not  to  the  moon." 

Still  the  question  remains  unanswered,  what  are  these  "rose- 
coloured  prominences  P'  If  they  belong  to  the  sun,  and  are  moun- 
tains in  that  luminary,  they  must  be  some  thirty  or  forty  thousand  miles 
in  height. 

M.  Faye  has  formally  propounded  the  theory,  that  they  are  caused  by 
refraction,  or  a  kind  or  mirage,  or  the  distortion  of  objects  caused  bv 
heated  air.  This  phenomenon  is  not  peculiar  to  any  country,  thougn 
most  frequently  observed  near  the  margin  of  lakes  and  rivers,  and  on 
hot  sandy  plains.    M.  Monge,  who  accompanied  Buonaparte  in  hia 
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expedition  to  Egypt,  witnessed  a  remarkable  example  between  Alex- 
andria and  Cairo,  where,  in  all  directions,  green  isLernds  appeared  snr- 
ronnded  bj  extensire  lakes  of  pare,  transparent  water.  nL  Moi^ 
states  that  "  Nothing  could  be  conceived  more  lovely  or  picturesque 
than  the  landscape.  In  the  tranquil  surface  of  the  lake,  the  trees  and 
touses  with  which  the  islands  are  covered  were  strongly  reflected  with 
^vid  and  varied  hues,  and  the  party  hastened  forward  to  enjoy  the 
refreshment  apparently  proffered  tnem ;  but  when  they  arrived,  the  lake, 
on  whose  bosom  the  images  had  floated — the  trees,  amongst  whose 
foliage  they  arose,  and  the  people  who  stood  on  the  shore,  as  if  in- 
viting their  approach,  had  ail  vanished,  and  nothing  remained  but  the 
uniform  and  irksome  desert  of  sand  and  sky,  ¥dth  a  few  naked  and 
ragged  Arabs." 

li  M.  Monge  and  his  party  had  not  been  undeceived,  by  actually 
going  to  the  spot,  they  would,  one  and  all,  have  been  firmly  convinced 
that  these  visionary  ti«es,  lakes,  and  buildings  had  a  real  existence. 
This  kind  of  miraffe  is  known  in  Persia  ana  Arabia  by  the  name  of 
"  serab"  or  miraculous  water,  and  in  the  western  districts  of  India  by 
that  of  "scheram."  This  illusion  is  the  effect  of  unusual  refraction,  ana 
M.  Faye  attempts  to  account  for  the  rose-cdoured  mountains  by  some- 
thing of  a  similar  nature. 

It  is  right,  however,  to  mention,  that  learned  astronomers  do  not  con- 
sider this  theory  of  any  value. 

Lieutenant  ratterson,  one  of  the  observers  of  the  eclipse  of  1851, 
says,  that  ''  It  is  very  remarkable  that  the  flames  or  prommences  cor- 
respond exactly  (at  least  as  far  as  he  could  judge)  with  the  spots  on  the 
sun*s  surface.  Takinf^  this  statement  with  that  of  M.  Faye,  it  may 
be  assumed,  as  a  new  idea,  and  nothing  more,  that  these  prominences 
are,  after  all,  mere  aerial  pictures  of  these  openings  in  the  sun's  atmo- 
sphere, or  what  are  called  *'  sun  spots."  In  the  "  Edinburgh  Philoso- 
phical Journal,"  it  is  said,  that  althouffh  it  has  lately  been  shown  in  the 
Edinburgh  Observatory  that  it  is  possiole  to  produce,  by  certain  optical 
experiments,  red  flames  on  the  sun's  limb  of  precisely  the  rose-coloured 
tint  described,  yet,  on  weighing  the  whole  of  the  evidence,  there  does 
seem  a  great  preponderance  in  favour  of  the  eclipse  flames  being  real 
appends^  of  the  sun,  and  in  that  case  they  must  be  masses  of  such 
vast  size  as  to  play  no  unimportant  part  in  the  economy  of  that  stupen- 
dous orb. 

During  the  last  eclipse  great  disappointment  was  felt  that  the  dark- 
ness was  so  insignificant,  although,  when  we  consider  the  enormous 
Light-giving  power  of  the  sun,  and  know  that  it  was  not  wholly 
obscured,  we  could  hardly  have  expected  any  other  result.  There  can 
be  no  doubt  that  a  decided  change  in  the  amount  of  lis^ht  is  only  to 
be  observed  during  a  total  eclipse  of  the  sun,  one  of  which  occurred 
on  the  7th  of  September,  1858 ;  but,  unfortunately,  it  was  only  visible 
in  South  America ;  we  must  therefore  content  ourselves  with  the  de- 
scriptions of  those  astronomers  who  can  be  fully  relied  on.  From 
the  graphic  account  giyen  by  Piofessor  Piaszi  Smyth,  the  astronomer- 
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royal  for  Scotland,  of  a  total  eclipse  as  seen  by  him  on  the  western 
coast  of  Norway,  we  may  form  some  notion  of  the  imposing  appearance 
of  the  surroonduig  country  when  obscured  during  the  oocurrenee  of  this 
tare  astronomioai  phenomenon. 

The  Professor  remarks,  ''To  understand  the  scene  more  fully,  the 
reader  must  fancy  himself  on  a  small,  rocky  island  on  a  mountainous 
coast.,  the  weather  cahn,  and  the  sky  at  the  beginning  of  the  eclipse 
seyen-tenths  covered  with  thin  and  bright  oiiro-strati  clouds. .  As  the 
eclipse  approaches,  the  clouds  gradually  darkei^  the  rays  of  the  sun  are 
no  longer  able  to  penetrate  tnem  through  and  through,  and  drench 
them  with  living  b'gnt  as  before,  but  they  become  darker  than  the  sky 
a§[ainst  which  they  are  seen.  The  air  becomes  sensibly  colder,  the  cloucU 
still  darker,  and  the  whole  atmosphere  murkier. 

**  From  moment  to  moment  as  the  totality  approaches,  the  cold  and 
darkness  advance  apace ;  and  there  is  somethinj^  peculiarly  and  terribly 
convincing  in  the  two  different  senses,  so  entirely  coinciding  in  their 
indications  of  an  unprecedented  fact  being  in  course  of  accomplishment. 
Suddenly,  and  apparently  without  any  warning  (so  immensely  ereater 
were  its  effects  tnan  those  of  anything  else  which  had  oocurrea),  the 
totalitjr  supervenes,  and  darkness  comes  down.  Then  came  into  view 
lurid  bghts  and  forms,  as  on  the  extinction  of  candles.  This  was  the 
most  striking  point  of  the  whole  phenomenon,  and  made  the  Norse 
peasants  about  us  flee  with  precipitation,  and  hide  themselves  for  their 
lives. 

"  Darkness  reigned  everywhere  in  heaven  and  earth,  except  where, 
along  the  north-eastern  horizon,  a  narrow  strip  of  unclouded  sky  pre- 
sented a  low  burning  tone  of  colour,  and  where  some  distant  snow- 
covered  mountains,  beyond  the  range  of  the  moon's  ^shadow,  reflected 
the  faint  mono-chromatic  li^ht  of  the  partially  eclipsed  sun,  and  exhi- 
bited all  the  detail  of  their  structure,  all  the  hgnt,  and  shade,  and 
markings  of  their  precipitous  sides  with  an  apparently  supernatural 
distinctness.  After  a  little  time,  the  eyes  seemed  to  get  accustomed  to 
the  darkness,  and  the  looming  forms  of  objects  close  by  could  be  dis- 
cerned, all  of  them  exhibiting  a  dull-green  hue ;  seeming  to  have  exhaled 
their  natural  colour,  and  to  have  taken  this  particular  one,  merely  by 
force  of  the  red  colour  in  the  north. 

"Life  and  animation  seemed,  indeed,  to  have  now  departed  from 
everything  around,  and  we  could  hardly  but  fear,  against  our  reason, 
that  if  such  a  state  of  things  was  to  last  much  longer,  some  dreadful 
calamity  must  happen  to  us  all ;  while  the  lurid  norizon,  northward, 
appeared  so  like  Uie  gleams  of  departing  light  in  some  of  the  grandest 
pamtings  by  Danby  and  Martin,  that  we  could  not  but  belieVe,  in  spite 
of  the  alleged  extravagances  of  these  artists,  that  Nature  had  opened 
up  to  the  constant  contemplation  of  their  mind's-eye  some  of  those 
magnificent  revehtions  of  power  and  glory  wliich  others  can  onl^  get  a 
glimpse  of  on  occasions  such  as  these. 

It  can  be  easily  imagined,  that  under  such  peculiar  and  awful  circum- 
stances, the  careful  omrvation  of  these  effects  must  be  somewhat  dif- 
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ficnlt,  and  the  only  vonder  is  that  the  astronomical  obserrations  an 
condacted  with  any  certainty  at  alL 

In  the  eclipse  of  1842,  it  was  not  only  the  vivacious  Frenchman  who 
was  carried  away  in  the  impulse  of  the  moment,  and  had  afterwards  to 
plead  that  "  he  totu  no  more  than  a  man**  as  an  excuse  for  his  unfulfilled 
part  in  the  observations,  but  the  same  was  the  case  with  the  graTe 
Englishman  and  the  more  stolid  German.  In  1851,  mudi  the  same 
failure  in  the  observations  occurred ;  and  on  some  person  asking  a  worthy 
American,  who  had  come  with  his  instruments  from  the  other  side  of 
the  world  expressly  to  observe  the  eclipse,  what  he  had  succeeded  in 
doing  P  he  merely  answered,  with  much  quiet  impressiveness,  "  That  if 
it  foae  to  be  observed  over  again,  he  hoped  he  would  be  able  to  do  some- 
thing y  but  that,  as  it  loas,  he  had  done  nothing:  it  had  been  too  muck 
for  him."  This  is  not  quite  so  bad  as  the  fashionable  lady  who 
had  been  invited  to  look  at  an  eclipse  of  the  sun  through  a  erand 
telescope,  but  arriving  too  late,  inquired  whether  **  it  could  not  be  snown 
over  again." 

With  this  brief  glance  at  the  science  of  astronomy,  we  once  more 
return  to  the  term  "gravity,"  which  will  introduce  to  us  some  new 
and  interesting  facts,  under  the  head  of  what  is  called  "  centre  of 
gravity." 


CHAPTER  IV. 

CENTBE     0?    GBAVITY. 

That  point  about  which  all  the  parts  of  a  body  do,  in  any  situation^ 

exactly  balance  each  other. 

The  discovery  of  this  fact  is  due  to  Archimedes,  and  it  is  a  point  in 
every  solid  body  (whatever  the  form  may  be)  in  which  the  forces  of 
gravitf  may  be  considered  as  united.  In  our  ^lobe,  which  is  a  sphere, 
or  ratoer  an  oblate  spheroid,  the  centre  of  gravity  will  be  the  centre. 
Thus,  if  a  plummet  be  suspended  on  the  surface  of  the  earth,  it  points 
directly  to  the  centre  of  gravity,  and,  consequently,  two  plummet-lines 
suspended  side  by  side  cannot,  strictly  speaking,  be  parallel  to  each 
other. 

If  it  were  possible  to  bore  or  dig  a  gallery  through  the  whole  substance 
of  the  earth  from  pole  to  pole,  and  Uien  to  allow  a  stone  or  the  fabled 
Mahomet's  coffin  to  fall  through  it,  the  momentum — i.e.,  the  force  of  the 
moving  body,  would  carnr  it  beyond  the  centre  of  gravity.  This  force,  how- 
ever, feine  exhausted,  tnere  would  be  a  retrograde  movement,  and  after 
many  oscillations  it  would  gradually  come  to  rest,  and  then,  unsupported 
by  anything  material,  itwoidd  be  suspended  by  the  force  of  gravitation,  and 
now  enter  into  and  take  part  in  the  general  attractmg  force ;  and  being 
equally  attracted  on  e^ery  side,  the  stone  or  coffin  must  be  totally  without 
weight.    Momentum  is  prettily  illustrated  by  a  series  of  inclined  planes 
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¥!g.40.   V.  Th«  oantrt.   A  bo  si.  Flnininei-IioM,  all  pointing  totheoentre^  and 

tiiflrefore  diTergIng  from  eadh  oin«r. 

cut  in  maho^y,  with  a  grooved  channel  at  the  top,  in  imitation  of  the 
famous  Russian  ice  mountains :  and  if  a  marble  is  sJlowed  to  run  down 


BA 


"Kg.  41.  vvp.  Inclined  plama,  gradoally  deCToaring  in  hdght,  eat  ont  of  Inch  mahogany, 
with  a  groove  at  the  top  to  carry  an  ordinary  marblt.  B  B  B.  DUteant  potitiona  of  tnt 
marble,  which  atarta  from  B  a, 

D 
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fint  bdme,  the  nwrnentnin  will  carry  it  up  the  second,  froi 
ill  again  descend  aiid  pass  up  aiid  down  the  third  aud  last  m 


the 

it  will  again 


t  sphere  of  uniform  density,  the  centre  of  gravity  is  easily  di»- 
coTBred,  but  not  ao  in  an  irr^ular  txau ,-  and  here,  perhaps,  an  explana- 
tion of  terms  may  not  be  altf^her  unacceptable. 
Matt,  is  a  tenn  applied  to  solids,  sach  as  a  mass  of  lead  or  stone. 
Bulk,  to  liqnida,  such  as  a  bulk  of  water  or  oil. 
Folumt,  to  gases,  su(*  as  a  volume  of  air  or  oxygen. 
To  find  the  centre  of  gravity  of  any  mass,  as,  for  example,  an  ortuiaiy 
school-slate,  we  mnst  first  of  all  suspend  it  from  any  part  of  the  ™'^2 
then  allow  a  plumb-line  to  drop  from  the  point  of  suspension,  and  mait 
its  direction  on  the  slate.     Again, 
suspend  the  slate  at  various  other 

C'  's,  always  marling  the  line  of 
tion  of  the  plummet,  and  at 
the  point  where  the  lines  intersect 
each  other,  there  will  be  the  centre 

n  the  slate  be  now  placed  (as 
shown    in   Fig.  43)  on  a  blunt 


wooden  point  at  the  spot  where  the 

Ibes  cross  each  other,  it  will  be 

II.  1  ■  D.  Tw  ufM  pamu  oi  nu-     found  to  balance  exactly,  and  thia 

orpiiimmtt.  beiuR  the  ffflint  with  which  allothef 

partiolm  ot  the  bod  J  would  more  with  pirJlel  mid  BinjUo  motion  dniinj 
ite  fall  The  eqnihbriimi  of  bodies  is  therefore  much  affected  by  the 
milioB  of  the  ceotie  of  gnvit;.  Thuj,  If  we  ool  out  im  clhptical  agon 
from  a  board  one  inch  in  thickness,  and  rest  It  on  a  flat  surface  by  one 
of  its  edges  (as  al  No.  1,  «g.  M),  this  pomt  of  contact  is  cnl^ed  the  pomt 
of  support,  and  the  centre  of  gravity  la  unmedmtely  aboye  it. 

In  this  case,  tb.  body  b  In  a  state  of  syure  cjuibbnum  for  my 
motion  on  either  side  wdl cause  the  ceutie  ofgrjyity  toascendmthnu 
direction.,  and  mi  osoilhilion  wiU  ensue.  But  J  we.pkce  it  upon  th. 
amaller  eid.  as  shown  at  No.  2  (flg.  «).  the  position  «iU  bt  one  d 


cqnilibnnm,  but  not  stable  c 

is  diieotl;  abore  the  point  of  anppoit, 


altuon^h  tbe  oentn  of  ff^^nt 
the  slightest  touch  will  duploc 


ng.U,   TbtpiiDt  Df  mpport.   c. 


the  oval  and  cause  its  oveitiiroir.  He  famons  slor;  of  Colombos  and 
the  eg^  au^^sts  a  capital  illustration  of  this  fact ;  and  there  are  two 
Tuodes  in  wmch  the  e^  ma;  be  poised  on  either  of  the  ends. 

The  one  luaallj  attnbuted  to  the  great  discoverer,  is  that  of  acrwing 
orslightl;  breaking  awaj  a  little  of  Uie  shell,  so  as  to  flatten  one  of  the 
ends,  thns  — 


Kg.4£.  ABepmmti  the cg^lniUiiitDnl state, ■n4t^Knfo 


The  most  philosophical  mode  of  making  tbe  tgg  stand  on  ita  end  and 
without  disturbing  the  exterior  shell  is  to  alter  the  position  of  the  jolk, 
which  has  a  greater  density  than  the  white,  and  is  situated  about  the 
centre.  If  the  egg  is  now  shaken  so  as  to  break  the  membrane  enclosing 
the  jolk,  and  thas  allow  it  to  sink  to  the  bottom  of  the  smaller  end,  ttw 
centre  of  gravity  is  lowered ;  there  is  a  greater  proportion  of  wd^ 


wt's  flatboox  t 


It  ii  Uiii  nriaUe  pMUion  of  the  oentre  of  graTitj  in  ntgj  t«ii«  (one 
put  of  Thich  mi;  be  more 
daue  than  •nothcr)  that  to 
frequently  umojs  eren  the 
best  miwrd-plifna ;  and  on 
this  aceonnt  a  ball  wlu  de- 
viate from  the  line  in  whidi 
it  ii  impelled,  not  from  anj 
fault  of  the  plajer,  bat  in 
coQMqoeuce  of  U^  iTorj 
ball  being  of  nneqiial  den- 
aitj,  and,  therefore,  not  hav- 
ing the  centre  comspcaid- 
ing  with  the-centre  ol  gr»- 
'  vitj.    AgDod  billiani-plaTer 

x%1^''w'tS?^<?'"-  '^'=^''''^-rfio>'ld.l%tJo«sJwaj»t,j 
No,  s.  o.  Ontr*  o(  gnrttj.  moib  lawmi.   T,  Tht  the  ball  befoie  he  engages 

jolk  ■(  tlw  bMiom  ofthiigf.  to  play  for  any  large  siun. 

The  toy  called  the  "  tombola"  reminds  us  of  the  c^-eipenment,  as 

there  ia  lunaUy  a  lamp  of  lead  inoerted  in  the  lover  pait  of  the  hemi- 


iphere,  and  yrhea  the  toy  is  poshed  doirn  it  rapidly  aunmea  the  npri^t 
position  becsoae  the  centre  of  ^vitv  is  not  in  the  lowest  place  to  vhidi 
it  can  descend ;  the  latter  position  being  only  attained  wnen  the  Gguie 
la  opright. 

TDere  is  s  popolar  paradox  in  inechanica — vie.,  "a  body  having  a 
tendency  to  tall  by  its  own  veigfat,  may  be  preTented  from  falling  by 
adding  to  it  a  weight  on  the  same  side  on  which  it  tends  to  fall,  ana 
the  paradox  u  demonstrated  by  another  well-known  child's  toy  as  de- 
pioled  in  the  next  cut. 


i  OBNTBB  OP  GRAVITV. 


rif.W.    rhaUHoTdlnsltai  UlliiKbnnid  th«1iul|  tlMbMtwll -,- 

thrawina:  tb*  cmb*  of  Kn'lQ  <"><>«  ■"  titli  lod  mar  tlu  iHdm  «i|fati  tlw  hind  !<«• 
baeam*  tba  podnt  oT  ny^crti  ud  tlu  W;  It  perftoUi  Uluoed. 

Aft«r  wliftt  hu  been  explained  regarding  the  impnTanent  of  the 
stability  of  the  egg  bj  lowerme  the  Bitu&tion  of  the  centre  of  gravity,  it 
ma;  at  first  appear  sinrnlar  that  a  stick  loaded  vith  a  weiglit  at  its 
npper  eitremitj  can  bo  oalanoed  perpendicularlj  with  greater  ewe  and 
precision  than  vrben  the  veight  i^  War  down  and  nearer  the  hand; 
ud  that  a  avoid  can  be  balanoed  beat  vhen  the  hilt  is  uppermost ; 


u    ■ 

N'2 

G 

far  «.-.Ha.l.  Bmrd  baluwl  <n  hudli !  Uit  an  ftvm  a  ta  s  <•  mr  totH,  ud  ITlb 
enitn,(i,  &Ua  oat  oTtha  Una  ordinetlon  It  b  not  eullT  nalsnd  U)  tba  uprigtit  poaltlaB 
[d  1.  Sword  talaoMd  on  tin  jiiiDt :  Iht  arc  from  o  (o  d  moob  iism,  and  tbirabn  tin 
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bat  this  u  eaailf  explained  vhen  it  is  onderatood  that  with  tl» 
baudle  downTarda  k  mnch  smalier  arc  U  described  as  it  falig  than  wkea 
reversed  so  that  in  the  former  case  the  balancer  has  not  time  to  m- 
■djost  the  centre,  whilst  in  the  latter  position  the  uc  described  ia  so 
]»rge  that  before  the  svord  falls  the  centre  of  fT^^^  nw?  t>e  r«rtoml 
within  the  line  of  direction  of  the  base. 

For  the  same  reason,  a  child  tripping  ssainst  a  stone  will  hU 
qnicklj;  whereas,  a  man  can  recover  bimself;  this  fact  cui  be  Toy 
nicelj  shown  b;  fixing  two  square  pieces  of  mahc^naj  of  diffcieiit 


tig.  n.—Ho.  1.  Tha  botrd  pwhed  Dimard,  itrlklDg  igdiut  (  imD,  whan  tba 
■taetl  pf«M  bill  flnC,  tod  tlu  long  dim  Kcoad. 

lengths,  b;  binges  on  a  flat  base  or  board,  then  if  the  board  be  [inahed 
tqiidlj  forward  and  stmck  against  a  lead  weight  or  n  nail  pnt  in  the 
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table,  the  short  piece  is  seen  to  fall  first  and  the  long  one  afterwards ; 
the  dOfference  of  time  occupied  in  the  fall  of  each  piece  of  wood  (which 
may  be  carved  to  represent  the  human  figure)  being  dearly  denoted  by 
the  sounds  producea  as  they  strike  the  board. 

Boat-accidents  frequently  arise  in  consequence  of  ignorance  on  the 
subject  of  the  centre  of  gravity,  and  when  persons  are  alarmed  whik^ 
sittmg  in  a  boat,  they  generally  rise  suddenly,  raise  the  centre  of  gravity, 
which  falling,  by  the  oscillation  of  the  frail  bark,  outside  the  line  of  direc- 
tion of  the  base,  cannot  be  restored,  and  the  boat  is  upset ;  if  the  boat  were 
fixed  by  the  keel,  raising  the  centre  of  gravity  would  be  of  little  con- 
sequence, but  as  the  boat  is  perfectly  free  to  move  and  roll  to  one  side 
or  the  other,  the  elevation  of  the  centre  of  mvity  is  fatal,  and  it 
operates  just  as  the  removal  of  the  lead  would  do,  if  changed  from  the 
base  to  the  head  of  the  "  tombola"  toy.  » 

A  very  striking  experiment,  exhibiting  the  danger  of  ri$ing  in  a  boat» 
maybe  snown  by  the  following  model,  as  depiotea  i^  No^  1  and  9,  figs. 
62  and  53.  1 


Q 


W 


Fig.  63.— Ko.  1.  Section!  of  a  toy-boot  floating  in  water,  b  B  B.  Three  braes  wlrei  plaoed 
at  regolar  dtotanoei  and  screwed  into  the  bottom  of  the  boat,  with  oats  or  slits  at  tne  top 
so  iMt  when  the  leaden  bullets,  l  l  i^  which  are  perforated  and  slide  npon  them  like 
beads,  are  raited  to  the  top,  thej  are  retadned  l^  the  orass  outs  springing  oat;  when  tlia 
ballets  are  at  the  bottom  of  the  linas  they  represent  persons  sitmig  m  a  boai^  as  shown 
in  the  lower  cuts,  a&d  the  centre  ofgraTity  wul  be  wlttiin  the  vessel.- 

We  thus  perceive  that  the  stability  of  a  body  placed  on  abase  depends 
npon  the  position  of  the  line  of  direction  and  tne  height  of  the  centre 
of  gravity. 

Security  results  when  the  line  of  direction  falls  within  the  base.  In* 
stability  when  just  at  the  edge.  Incapability  of  standing  when  falling 
without  the  base. 


40  boy's  platboos  of  kibrck 


^^ 


ns.  CS.— No.  l  The  tHdm  bnllati  niwd  to  tba 

itonlr  liikg,  whn  tba  bnU  li ■■'-■-■- 

■mooa  ivlt£  tii«  biel  npwtrdt. 


Dm,  wd  tttlMt  A 


The  leMung-tower  of  Pisa  is  one  hundred  mid  e^tj-tvo  feet  in 
height,  and  i«  Bmjed  thirteen  &nd  a  half  feet  from  tCe  perpendicular. 


Hg.  t4  *.  BoHd  ant  ud  pdnM  to  npnmnt  tba  laHdn|>tDw<r  of  FIk,   a.  Th«  MBtn 

of  frtTtt;  and  ^ammat-Una  nuuDded  from  Lt.     w,  ^la  nlncawhloh  attHhai  it  to  tka 
tiaaa  board.  I.  Tha  rtdnc,  aufllelantlj  lonr  to  nnoind  and  allow  tba  plmniiiat  to  bof  oot- 


«Ua  ^  bHB|  io  tLati  wbrn  coti  tba 


but  ^et  reouins  perfectl;  firm  and  secure,  u  the  line  of  direction  (klla 
eonsiderabl;  witlun  the  base.  If  it  was  of  a  greater  altitude  it  could 
DO  longer  stood,  because  the  centre  of  ^vin  would  be  so  derated 
that  the  line  of  direction  would  fall  outside  the  base.  This  fact  maj 
be  illaatrated  b;  taking  a  board  Kveral  feet  in  length,  and  hafing  out 
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it  out  to  represent  the  architecture  of  the  leaning-tower  of  Pisa^  it  may 
then  be  painted  in  distemper,  and  fixed  at  the  right  angle  with  a  hinffo 
to  another  board  representing  the  ground,  whilst  a  nlumb-line  maroe 
dropped  from  the  centre  of  gravity ;  and  it  maj  be  snown  that  as  long 
as  tne  plummet  falls  within  the  base,  the  tower  is  safe ;  but  directly  the 
model  tower  is  brought  a  little  further  forward  by  a  wedge  so  that  the 
plummet  hangs  outside,  then,  on  removing  the  support,  which  may  be  a 
piece  of  string  to  be  cut  at  the  right  moment,  the  model  falls,  and  the 
fact  is  at  once  comprehended. 

The  leaning-towers  of  Bologna  are  likewise  celebrated  for  their  great 
inclination ;  so  also  (in  England)  is  the  hanging-tower,  or,  more  cor- 
rectly, the  massive  wall  which  has  formed  pa^  of  a  tower  at  Bridge- 
north,  Salop ;  it  deviates  from  the  perpendicular,  but  the  centre  of 
gravity  and  the  line  of  direction  fall  witnin  the  base,  and  it  remains 
secure ;  indeed,  so  little  fears  are  entertained  of  its  tumbling  down,  that 
a  stable  has  been  erected  beneath  it. 

One  of  the  most  curious  paradoxes  is  displayed  in  the  ascent  of  a 
billiard-ball  from  the  thin  to  the  thick  ends  of  two  billiard-cues  placed 


a  NS2 


Fig.  66.— No.  1.  TwobOlittd-oiiMaRBiigedfortheezperiiiientaiidflxodtoaboirdiUM 
ImUI  u  roQinff  up. 

Now  S.  Sectiona  thowinff  tlwt  the  centn  of  grvfiij,  o,  U  higher  at  a  than  at  b,  wfalsb 
npxeMDta  the  thick  end  wthe  ooee ;  it  therefore,  in  effect^  roUe  down  hill. 

at  an  angle,  as  in  our  drawing  above ;  here  the  centre  of  gravity  is 
raised  at  starting,  and  the  ball  moves  in  consequence  of  its  actually 
falling  from  the  high  to  the  low  level. 

Much  of  the  stability  of  a  bodv  depends  on  the  height  through  which 
the  centre  of  gravity  must  be  elevated  before  the  body  can  oe  over- 
thrown. The  mater  this  height,  the  greater  will  be  the  immovability 
of  the  mass.  One  of  the  sprandest  examples  of  this  fact  is  shown  in 
the  ancient  Pyramids ;  ana  whilst  gigantic  palaces,  with  vast  columns, 
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to  Egyptian  i 
9  prostrate  upon  the  eaitn,  the 


n(,H.  o.CKitnof  fnTl^.wliiiiiniutbanlHd 


I^framids,  in  their  simple  form  and  solidity,  remain  almost  as  thcT  wen 
built,  and  it  vill  be  noticed,  in  the  accompanying  sketch,  how  difficult, 
ijf  not  impossible,  it  would  be  to  attempt  to  overthrow  bodily  one  of  these 
great  monuments  of  ancient  times. 

The  principles  already  expluned  are  directly  applicable  to  the  eon- 
stmction  or  secure  loamng  of  vehicles ;  and  in  proportion  as  the  centre 
of  gravity  is  elevated  above  the  point  of  support  fthat  is,  the  wheels), 
■o  IS  the  insecurity  of  the  carriage  increased,  and  the  contrary  takes 
place  if  the  centre  of  gravity  is  lowered.    Again,  if  a  waggon  be  loaded 
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with  a  Tery  heavy  BubaUnce  vhicb  does  not  occnpr  mnch  space,  saoh 
U  iron,  lead,  or  copper,  or  bricks,  it  irill  be  in  macb  leu  danger  of  an 
overtkrow  than  if  it  catties  an  equal  vei^t  of  a  lighter  bodj,  ancb  bs 
pockets  of  ho^,  or  bags  of  wool  or  bales  of  rags. 

In  the  one  instance,  the  centre  of  gravitj  is  near  the  gronnd,  and  falls 
veUiTithinthebase,BsatNo.  l,fig.  57.  In  the  other,  the  oentreof  gravity 
is  considerabl<r  derated  above  the  ground,  and  having  niet  with  an  ob- 
itmction  which  has  raised  one  side  higher  than  the  other,  the  line 
of  direction  has  fallen  ontside  the  wheels,  and  the  waggon  is  over- 
torning  as  at  No.  8. 

The  TsrioQs  postures  of  the  human  bod;  ma;  be  regarded  as  bo  man; 
eiperiments  upon  the  position  of  the  centre  of  grant;  which  wa  are 
ever;  moment  unconsciously  perfonning. 

To  maintain  an  erect  position,  a  man  must  so  place  his  bodv  aa  to 
canse  the  line  of  direction  of  his  weight  to  fall  within  the  base  lormed 
by  his  feet. 

The  more  the  toes  are  tnmed  outwards,  the  more  contracted  will  be 
the  base,  and  the  body  will  be  more  liable  to  fall  backwards  or  forwards ; 
■od  the  closer  the  feet  are  drawn  together,  the  more  likel;  is  the  body 
to  fail  on  dther  side.     The  acrobats,  and  so-called  "  India-Rnbber 


Brotben,"  dancing  dog\  &c.,  nnconscbnsly  acquire  the  habit  of  accn- 
catel;  bcdancing  themselves  in  all  kinds  of  atran?e  positions ;  bnt  as 
these  accomplishments  are  not  to  be  recommended  to  young  people, 
■ome  other  marvels  (snch  as  balancing  a  tW  of  water  on  a  stick  laid 
vponatable)  may  be  adduced,  as  illustrated  in  fig.  69. 

Let  A  B  represent  an  ordinar;  table,  upon  wbch  place  a  broomsiiok, 
c  i^  BO  that  one-half  shall  la;  upon  the  table  and  the  other  extend  from 
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it-  place  ova  the  stidc  the  handle  of  ueiiiptypul(w)udiiiwrpoBaU7 
reooire  to  be  elonnted  for  the  experiment)  so  that  the  handle  tonclieB 
OT  Talb  into  anotcn  Kt  B;  and  in  order  to  bring  the  pail  well  nnder  the 


table,  another  stick  is  placed  in  the  notch  e,  and  is  airaoged  in  the 
tine  o  r  E,  one  end  retting  at  o  and  the  other  at  e.  Having  made^eae 
preparations,  the  pail  ma;  now  be  filled  with  water ;  and  although  it 
appears  to  be  a  most  marrelloDs  result,  to  see  the  pail  ap|iaientlT 
balanced  on  the  end  of  a  stick  which  ma;  easil;  tilt  up,  the  principlea 
alread;  eiplained  will  enable  the  observer  to  understand  that  thecentre 
of  gravitj  of  the  pail  falls  within  the  line  of  direction  shown  hj  the 
dotted  line;  and  it  amounts  in  effect  to  nothing  more  than  canjing  apai] 
on  the  cenbe  of  a  stick,  one  end  of  which  is  supported  at  £,  and  tiie 
other  tbroogh  the  m«linm  of  the  table,  ab. 

This  illustration  ma;  be  modified  b;  using  a  heav;  weight,  rope,  and 
stick,  aa  shown  in  ouj  sketch  below. 


Fig.  so. 

Bororo  we  dismiss  this  subject  it  is  advisable  to  ei{dain  a  term  re- 
ferring  to  a  ver;  nsefnl  truth,  called  the  centre  of  percussion ;  a  know- 
ledge of  which,  pained  Jnstinctivel;  or  otherwise,  enables  the  worjonan 
to  wield  his  tools  with  increased  power,  and  gives  ereat«r  force  to  the 
cut  of  the  swordsman,  so  that,  with  some  phTsical  strei^gth,  he  maj 
perform  the  feat  of  cutting  a  sheep  in  half,  cleaving  a  bar  of  lead,  or 
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neatljT  diTidinj^,  a  la  Saladm,  in  ancient  Saracen  fashion,  a  silk  liand- 
kercmef  floatu^  in  the  air.  There  is  a  feat,  however,  which  does  not 
require  any  very  sreat  s^n^h,  but  is  sufficiently  startling  to  excite 
much  surprise  and  some  inquiry — ^riz.,  the  one  of  cutting  in  half  a  broom- 
stick supported  at  the  ends  on  tumblers  of  water  without  spilling  the 
water  or  cracking  or  otherwise  damaging  the  glass  supports. 


Flg.SL 

These  and  other  feats  are  partly  explained  by  reference  to  time :  the 
force  is  so  quicUy  applied  and  expended  on  the  centre  of  the  stick  that 
it  is  not  commumcatea  to  the  supports ;  just  as  a  bullet  from  a  pistol 
may  be  sent  through  a  pane  of  ghus  without  shattering  the  whole  square, 
but  making  a  cleui  hole  through  it,  or  a  candle  ma^  oe  sent  through  a 
plank,  or  a  cannon-ball  pass  through  a  half  opened  ooor  without  causing 
it  to  move  on  its  hinges.  But  the  success  of  the  several  feats  depen£ 
in  a  great  measure  on  the  attention  that  is  paid  to  the  delivery  of  the 
blows  at  the  centre  of  pereutaion  of  the  weapon;  this  is  a  pomt  in  a 
moving  bodv  where  the  percussion  is  the  greatest,  and  about  which  the 
impetus  or  force  of  all  parts  is  balanced  on  eveiy  side.  It  may  be  bette* 
understood  by  reference  to  our  drawing  below.  Applying  this  principle 
to  a  model  sword  made  of  wood,  cut  m  half  in  the  centre  of  the  blade, 
and  then  united  with  an  elbow-joint,  the  handle  being  fixed  to  a  board 
by  a  wire  passed  through  it  and  the  two  upright  pieces  of  wood,  tbo 
fact  is  at  once  apparent,  and  is  well  shown  in  Nos.  1,  3,  3,  fig.  68. 


4G 
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Tig.  62.  No.  1,  U  the  wooden  i word,  with  an  elbow-Joint  at  o.  No.  S.  Sword  attached  to 
bonrd  at  k,  and  beinr  allowed  to  fldl  from  any  angle  shown  by  dotted-line,  it  strikes 
Uie  block,  w,  outside  the  centre  of  percossion,  f.  and  as  there  is  oneanal  motion  in  tha 
parts  of  tne  sword  it  bends  down  (or,  as  it  were,  breaks)  at  the  elbow-joint,  c. 

No.  S  displays  the  same  model ;  bat  here  the  blow  has  fallen  on  the  block,  ▼,  predaely 
at  the  oentoe  of  peronsskm  of  the  sword,  f,  and  the  elbow-Joint  remains  perfectly  linn. 

When  a  blow  is  not  delivered  with  a  stick  or  sword  at  the  centre  of 
percussion,  a  pecnliar  jar,  or  what  is  familiarly  spoken  of  as  a  ftingtM 
sensation,  is  apparent  in  the  hand ;  and  the  cause  of  this  disagreeabfe 
result  is  further  elucidated  by  fig.  63,  in  which  the  post.  A,  conesponds 
with  the  handle  of  the  sword. 
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Fig.OS.  ▲.  The  post  to  which  a  rope  U attached,  b  and  o  are  two  honeenmnlng  round 
In  a  ektde,  and  it  ii  plain  that  n  will  not  move  ao  quick  aa  o,  and  that  the  latter  wiU  haw 
the  greatest  moving  fiiree;  oonaeoaently,  if  the  rope  waa  suddenly  checked  by  atriking 
against  an  ol^Ject  at  the  centre  or  mvlty,  the  horse  o  would  proceed  ihster  than  b,  ana 
would  impart  to  B  a  backward  monon,  and  thus  make  a  great  sorain  on  the  rope  at  jl.  But 
if  the  obstacle  were  placed  ao  as  to  be  struck  at  a  certain  p<rfnt  nearer  o,  Tii^  at  or  about 
the  little  star,  the  tendency  of  each  horse  to  moreon  would  balance  and  neutralise  the  other, 
so  that  there  would  be  no  strain  at  jl    The  litUe  star  Indicatea  the  eentrt  (ifperetu§iom. 

All  military  men,  and  especially  those  younj^  gentlemen  who  are 
intended  for  the  army,  should  bear  in  mind  this  important  truth  during 
their  sword-practice ;  and  with  one  of  Mr.  Wilkinson's  swords,  made 
only  of  the  veiy  best  steel,  they  may  conquer  in  a  chance  combat  which 
might  otherwise  have  proved  fatal  to  them.  To  Mr.  Wilkinson,  of  Fall 
Mail,  the  eminent  sword-cutler,  is  due  the  great  merit  of  improving  the 
quality  of  the  steel  employed  in  the  manufacture  of  officers'  swords ; 
and  with  one  of  his  weapons,  the  author  has  repeatedly  thrust  through 
an  iron  plate  about  one-eighth  of  an  inch  in  thickness  without  injuring 
the  point,  and  has  also  bent  one  nearly  double  without  fracturing  it,  the 
perfect  elasticity  of  the  steel  brin^nffthe  sword  straight  again.  These, 
and  other  severe  tests  applied  to  WiBdnson's  swords,  show  that  there  is 
no  reason  wh^  an  officer  should  not  possess  a  weapon  that  will  bear 
comparison  with,  nay,  surpass,  the  far-famed  Toledo  weapon,  instead  of 
submitting  to  mere  army-tailor  swords,  which  are  often  little  better  than 
hoops  of  beer  barrels ;  and,  in  dire  combat  with  Hindoo  or  Mussulman 
fanatics'  Tulwah,  may  show  too  late  the  folly  of  the  owner. 


Fift  64. 
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Jt  ii  recorded  of  the  great  Dr.  WolUston,  that  wlion  Sir  Hamphrj 
Dbtt  placed  in  his  hand,  That  vas  then  considered  to  be  /i«  scientific 
wonder  of  the  daj — viz.,  a  small  bit  of  the  metal  potassiom,  he  ex- 
claimed at  once,  "  How  lieaTj  it  is,"  and  was  greatly  surprised,  when 
Sir  Bumphr]'  threw  the  metal  on  water,  to  see  it  not  only  take  fire, 
but  Bctuallj  Jlocl  upon  the  surface ;  here,  then,  was  a  philoxoplier 
posaeaeing  the  deepest  learning,  unable,  bj  the  sense  of  touch  and  b? 
ordinaiy  handling,  to  state  correctly  whether  ihe  new  substance  (anS 
that  a  metal),  waa  heavy  or  light ;  hence  it  ia  apparent  that  the  pro- 
perty of  spenfiognvity  is  one  of  importance,  and  being  derived  from 
the  Latin,  means  tpeeia,  a  particular  sort  or  kind ;  and  grmit,  besTT 
or  weight— i.e.,  the  particular  weight  of  every  substance  compared  with 
a  fixeastandanl  of  water. 

We  are  so  constantly  in  the  habit  of  referring  to  a  standard  of  perfec* 
tion  in  music  and  the  arts  of  paintinc  and  soalpture,  that  the  youngeat 
will  comprehend  the  office  of  water  wlien  told  that  it  is  the  philosopher's 
nnit  or  starting-point  for  the  estimation  of  the  relative  weights  of  solids 
and  liquids.  A  good  idea  of  the  scope  and  meaning  of  tbc  term  specific 
granty,  la  acqainKl  by  a  few  simple  experiments,  thus :  if  a  cylindrical 


ni.  K.  k.  K  Ion  ciUadtlal  thk]  conUlnlng  water.  Id  which  ths  *n  ilBk*  Ull  It 
mcliH  Ui>  bottom  oTtbi  eIdu.  l.  A  tlmilu  gUu  tcihI  coatUoinf  luir  briDg  uid  hill 
ntar.  In  wbleh  tba  tfs  Sotti  Is  th>  centra— vli.  Jut  U  tha  patnt  whtn  tbc  bdat  taA 
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glus,  Mj  eighteen  inches  long,  and  two  and  a  half  vide,  is  filled  mtb 
vater,  and  another  of  the  same  size  is  also  filled,  one  half  with  water 

and  the  other  half  with  a  aatntaled  solution  of  common  salt,  or  what  is 
commonlj  tenned  brine,  a  most  aznnsing  comnoriscn  of  the  tclatiTe 
weights  of  equal  bnLks  of  water  and  brine,  can  be  mnde  with  the  help 
of  two  eggs ;  when  one  of  the  eggs  is  placed  in  the  glass  containing 
water,  it  inunediatel;  sinlis  to  the  bottom,  showing  that  it  has  a  greater 
specific  gravity  than  water ;  but  when  the  other  egg  is  placed  in  the 
second  glass  containing  the  brine,  it  sinks  throngh  the  water  till  il 
reaches  the  strong  solntion  of  salt,  where  it  is  suspended,  and  presents 
a  most  curious  a:^  prettj  appearance ;  seeming  to  float  like  a  buloon  in 
air,  and  apparently  suspended  upon  nothing,  it  provokes  the  inqoiry, 
"  whether  magnetism  has  anything  to  do  with  it  F"  The  answer,  of 
oonrse,  is  in  the  negative,  ii  merely 
floats  in  the  centre,  in  obedience  t 


theuselTes ;  the  brine  has,  therefore, 
a  greater  weight  than  an  equal  bulk 
of  water,  and  is  also  heavier  than  the 
e^.  A  pleasing  sequel  to  this  expe- 
riment mav  be  sbown  by  demonstrat- 
ing how  the  brine  is  placed  in  the 
vessel  without  miijng  with  the  water 
above  it ;  this  is  done  oy  using  a  glass 
tube  and  foonel,  and  after  pouring 
away  half  the  water  contained  in  the 
vessel  (Fig.  65},  the  e^  can  be  floated 
from  the  bottom  to  the  centre  of  the 
ghtss,  by  pouring  the  brine  down  the 
funnel  and  tube.  The  satorated  solu- 
tion of  salt  remains  in  the  lower  part 
of  the  vessel  and  displaces  the  water, 
which  floats  upon  its  surface  like  oil 
on  water,  carrying  the  egg  with  it. 

The  water  of  the  Dead  Sea  is  said 
to  contain  aboat  twenty-six  per  cent, 
of  Saline  matter,  whidi  chiefly  con- 
sists of  common  salt.  It.  is  perfectly 
clear  and  bright,  and  in  conseqneuce 
of  the  great  density,  a  person  may  !3«-5S- *,"""!?'''"■  !£"2S:S^ 
easily  C^on  its  surface,  like  the  5,"|^2S3^Sr* -^ ""  "** "" 
egg  on  the  brine,  so  that  if  a  ship 

could  be  heavily  laden  whilst  Boatii^  on  the  water  of  the  Dead  Sea, 
it  would  most  likely  sink  if  transported  to  the  Thames.  This  illus- 
tration of  specific  gravity  is  dso  shown  by  a  model  ship,  which  being 
Hat  floated  on  the  brine,  w^  afterwards  sink  if  conveyed  to  another 
vessel  c(»Ltiining  water.    One  of  the  tin  model  ships  sold  as  a  magnetic 
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tm  answBTB  maelj  for  this  esperim^t,  but  it  naat  be  Keif^ited  or 
a^iut«d  w  thet  it  jtut  ftoftts  m  the  brine,  a;  then  it  will  link,  vlica 
plaoed,  ia  another  vewel  contnining  onl;  water. 


Another  tunnsing  illustration  of  the  same  kind  ta  duplajed  with  gold 
fish,  which  swim  ensilj  in  water,  floating  on  brine,  hut  cannot  dive  to 
the  bottom  of  the  vessel,  owing  to  the  deositj  of  the  saturated  soktioa 
of  salt.  If  the  fish  are  token  out  immediatelT  after  the  eipenment,  and 
placed  in  fresh  water,  the;  will  not  be  hurt  bj  contact  with  the  Btrong 
salt  water. 

Tliese  examplea  of  the  relatire  weights  of  eqnal  bulks,  enable  the 
jDuthful  mind  to  emsp  the  more  difficult  problem  of  Hscertaiiuiig  the 
specific  gTETit;  of  anv- solid  or  liquid  substance;  and  here  the  strict 
meaning  of  terms  should  not  be  passed  by.  Specific  weight  must  not  be 
confounded  with  JiioluU  weight ;  the  latter  means  the  entire  amount 
of  ponderable  matter  in  any  body :  thus,  twenty-four  cubic  feet  of  sand 
weigh  about  one  ton,  whilst  speciGo  weight  menns  the  relation  that  sab- 
lists  between  the  absolute  veight  and  the  volume  or  ipace  which  that 
VcigU  occupies.  Thus  a  cubic  foot  of  water  ireigha  ailty-two  and  a  half 
nounds,  or  IQOO  ounces  aroinlapois,  but  clinnged  to  gold,  the  cubic 
[oot  weighs  more  than  half  a  ton,  and  would  be  equal  to  about  19,300 
^ence  the  relation  between  the  cahio  foot  of  water  and  that  of 


SPECIFIC  GRAYITT.  61 

gold  is  nearly  as  1  to  19'3 ;  the  latter  is  therefore  called  the  specifto 
gravitr  of  gold. 

SacQ  a  mode  of  taking  the  specific  mvity  of  different  substances— 
viz.,  by  the  weight  of  equal  bulks,  whether  cubic  feet  or  inches,  could  not 
be  employed  in  consequence  of  the  difficulty  of  procuring  exact  cubic 
inches  or  feet  of  the  yarious  substances  which  by  their  peculiar  proper- 
ties of  brittleness  or  hardness  would  present  insuperable  obstacles  to  any 
attempt  to  fashion  or  shape  them  into  exact  volumes.  It  is  therefore 
necessary  to  adopt  the  method  first  devised  by  Archimedes,  600  B.C., 
when  he  discovered  the  admixture  of  another  metal  with  the  gold  of 
W  Hiero's  crown. 

Tms  amusing  story,  ending  in  the  discovery  of  a  philosophical  truth, 
may  be  thus  described : — King  Hiero  ^ve  out  from  the  roysl  treasury  a 
certain  quantity  of  gold,  which  he  required  to  be  fashioned  mto  a  crown ; 
when,  however,  the  emblem  of  power  was  produced  by  the  goldsmith, 
it  was  not  fomid  deficient  in  weight,  but  had  that  appearance  which 
indicated  to  the  monarch  that  a  surreptitious  addition  of  some  other 
metal  must  have  been  made. 

It  may  be  assumed  that  King  Hiero  consulted  his  friend  and  philoso- 
pher Archimedes,  and  he  might  nave  said,  "  Tell  me,  Archimedes,  without 
pulling  my  crown  to  pieces,  if  it  has  been  adulterated  with  anv  other 
metal  r"  The  philosopner  asked  time  to  solve  the  problem,  and  going 
to  tdke  liis  accustomed  bath,  discovered  then  specially  what  he  had  never 
particularly  remarked  before — ^that,  as  he  entered  the  vessel  of  water, 
the  liquid  rose  on  each  side  of  him — that  he,  in  fact,  displaced  a  certain 
quantity  of  liquid.  Thus,  supposing  the  bath  to  have  been  full  of  water, 
directlv  Archimedes  stepped  in,  it  would  overflow.  Let  it  be  assumed 
that  the  water  displacea  was  collected,  and  weighed  90  pounds,  whilst 
the  philosopher  had  weighed,  say  200  pounds.  Now,  the  train  of 
reasoning  in  his  mind  might  be  of  this  kind : — "  My  body  displaces  90 
pounds  of  water ;  if  I  had  an  exact  cast  of  it  in  lead,  the  same  bulk  and 
weighl  of  liquid  would  overflow ;  but  the  weight  of  my  body  was,  say 
200  pounds,  the  cast  in  lead  1000  pounds ;  these  two  sums  divided  by 
90  would  give  very  different  results,  and  thej  would  be  the  specific 
gravities,  l^cause  the  rule  is  thus  stated : — *  Divide  the  gross  weight  by 
uie  loss  of  weight  in  water,  the  water  displaced,  and  the  quotient  gives 
the  specific  gravity.' "  The  rule  is  soon  tested  with  the  help  of  an 
ordinary  pair  of  scales,  and  the  experiment  made  more  interesting  by 
taking  a  model  crown  of  some  metal,  which  may  be  nicely  gilt  and 
burnished  by  Messrs.  Elkington,  the  celebrated  electro-platers  of  Bir- 
mingham. Por  convenience,  the  pan  of  one  scale  is  suspended  by 
shorter  chains  than  the  other,  and  should  have  a  hook  inserted  in  the 
middle ;  upon  this  is  placed  the  crown,  supported  by  very  thin  copper 
wire.  Eor  the  sake  of  argument,  let  it  be  supposed  that  the  crown  weighs 
17^  ounces  avoirdupois,  which  are  duly  placed  in  the  other  scale-pan, 
and  witnout  touchmg  these  weights,  the  crown  is  now  placed  m  a 
vessel  of  water.  It  might  be  supposed  that  directly  the  crown  enters 
the  water,  it  would  gain  weight,  in  consequence  of  being  wetted, 

z2 
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bat  the  contnij  it  the  cue,  and  bj  Umsting  the  etown  into  Ute  vater, 
it  mftj  be  Men  to  rise  vith  great  bnojiuicj  so  long  as  the  17^  onnces  aie 
retained  iu  the  other  scale-pan ;  and  it  will  be  fooud  necessaij  la  place 
at  least  two  onnoes  in  the  scale-pan  to  vhich  the  crown  is  attached 
before  the  latter  sinks  in  the  water;  and  thus  it  is  distiuctlv  shown  that 
the  crown  wei^is  onlj  about  151  oonoes  in  the  water,  and  haa  therefore 
IomI  instead  ai  gainiKg  weight  wfilit  inunened  in  the  liquid.  The  rule 
ma;  now  be  worked  out : 

Weight  of  crown  in  ait 17i 

Ditto  in  water 1i\ 

Less  in  water S 

876 

The  qaotient  8}  demonstrates  that  the  crown  is  minnfactnred  or 
copper,  beeiuise  it  voald  have  been  abont  19^  i£  made  of  pure  gold. 


FIf .  M.  1.  OrAuiT  pair  of  lalaL  a.  Siiile-pu,  RmUialng  17)  otmcM,  bdnc  tfa 
wdglilorthtcrowiilnijr.  o.  Pu,  irtlh  hMk  ud  aoira  UlKbed,  which  !•  nmk  &  Ui 
■nUc  sonUiwd  Id  ths  tohI  d  i  thli  pBi  omUliu  tbo  two  oonna,  which  niut  t>t  t^ua 
thM*  ta  nuln  tbt  mim  (Ink  aod  sacUj  ImIumm  i. 
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Table  of  the  Spedfie  Oramtiee  of  the  Metah  in  common  we. 

Platinum 21-6 

Gold 19-4 

Mercury 13*56 

Lead n-445 

Silver 10-50 

Bismuth 983 

Copper 8-96 

Iron 7-79 

Tin 7-28 

Zinc 6-5  to  7-2 

The  simj^le  rule  already  explained  may  be  applied  to  all  metals  of  any 
size  or  weight,  and  when  the  mass  is  of  an  irregular  shape,  having 
various  cavities  on  the  surface,  there  may  be  some  difficulty  in  taking 
the  specific  gravity,  in  conseauence  of  the  adhesion  oi  air-bubbles  ;  but 
this  may  be  obviated  either  oy  brushing  them  away  with  a  feather,  or, 
what  is  frequently  much  better,  by  dipping  the  metal  or  mineral  first 
into  alcohol,  and  then  into  water,  before  pUcing  it  in  the  vessel  of 
water,  by  which  the  actual  specific  gravity  is  to  be  taken 

The  mode  of  taking  the  specific  gravity  of  liquids  is  very  simple,  and 
is  usually  performed  in  the  laboratory  by  means  of  a  thin  globular  bottle 
which  holds  exactly  1000  grains  of  pure  distilled  water  at  60*  Fahrenheit. 
A  little  counterpoise  of  lead  is  made  of  the  exact  weight  of  the  dry 

f  lobular  bottle,  and  the  liquid  under  examination  is  poured  into  the 
ottle  and  up  to  the  graduated  mark  in  the  neck ;  the  bottle  is  then 
placed  in  one  scale-pan,  the  counterpoise  and  the  1000-^rain  weight  in 
the  other ;  if  the  liquid  (such  as  oil  of  vitriol)  is  heavier  than  water, 
then  more  weight  will  be  required — viz.,  845  grains — and  these  figures 
added  to  the  1000  would  indicate  at  once  that  the  specific  gravity  of  oil 
of  vitriol  was  1*845  as  compared  with  water,  which  is  1*000.  Wnen  the 
liquid,  such  as  alcoholj  is  lifjhter  than  water,  the  1000-grain  weight  will 
be  found  too  much,  and  ^ram  weights  must  be  added  to  the  same  scale- 

fan  in  which  the  bottle  is  standing,  until  the  two  are  exactly  balanced, 
f  ordinary  alcohol  is  being  examined,  it  will  be  found  necessary  to  place 
180  grains  with  the  bottle,  and  these  figures  deducted  from  the  1000 
grains  in  the  other  scale-pan,  leave  820,  which,  marked  with  a  dot  before 
the  first  figure  (tie  *820),  indicates  the  specific  gravity  of  alcohol  to  be 
less  than  that  ot  water. 

The  difference  in  the  gravities  of  various  liquids  is  dispUyed  in  a 
very  pleasing  manner  by  an  experiment  devised  by  Professor  Uriffiths, 
to  whom  chemical  lecturers  are  especially  indebted  for  some  of  the  most 
ingenious  and  beautiful  illustrations  which  have  ever  been  devised. 
The  experiment  consists  in  the  arrangement  of  five  distinct  liquids  of 
various  densities  and  colours,  the  one  resting  on  the  other,  and  dis- 
tinguished not  only  bj  the  optical  line  of  demarcation,  but  hj  little  balls 
of  wax,  which  are  adjusted  by  leaden  shot  inside,  so  as  to  sink  through 
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.__ o  indicate. 

The  manipulation  for  this  experiment  is  aomevhit  tronblesome,  aad 
is  commenced  bj  procuring  some  pure  bright  qnicknlver,  upon  whii^  an 
iron  bullet  (bkck-le&ded,  or  painted  of  an;  coionr]  is  placed,  or  one  of 
those  pretty  glass  balls  which  are  sold  in  sacb  qnantitiea  at  the  Crystal 
Palace. 

Secondly.  Pnt  as  mnch  white  vitriol  (snldiate  of  zinc)  into  a  hall 
pint  of  boUing  water  as  it  will  dissolve,  ana,  when  cold,  pour  off  the 
clear  liquid,  male  up  a  ball  of  coloured  wax  (say  red),  and  adjust  it  by 
placing  little  shot  inside,  until  it  sinks  in  a  solution  of  sulphate  oF 
co^r  and  floats  on  that  of  the  white  vitrioL 

Thirdly.  Make  a  solution  of  sulphate  of  copper  in  precisely  the  same 
manner,  and  adjust  another  wax  ball  to  sink  m  water,  and  float  on  this 
solution. 

Fonrthly.  Some  cleai  distilled  water  must  be  provided. 

Fifthly.  L  little  cochineal  is  to  be  dissolved  tn  some  common  spirit! 


of  wine  (alcohol),  and  a  ball  of  cork  painted  white  provided. 
Finally.  A  long  cylindrical  glass,  at  least  eighteen  inches  high,  and 


these 


ranged  in  their  proper  order 
of  specific  gtanty  b;  means 
of  a  long  tube  and  fnnncL 
The  four  balls— vit.,  the 
iron,  the  two  wax,  and  the 
cork  bails,  are  allowed  to 
slide  down  the  long  glas^ 
which  is  inclined  at  aaangle; 
and  then,  by  means  of  the 
tube  and  funnel,  pour  in  the 
'  tincture  of  cochineal,  and 
all  tbe  balls  will  remain  at 
the  bottom  of  the  glass. 
The  water  is  poured  down 
next,  and  now  the  cork  ball 
floats  up  on  the  water,  and 
marks  the  boondary  line  of 
the  alcohol  and  water.  Then 
the  solution  of  blue  vitriol, 
when  a  wax  ball  floats  upon 
it.  Thirdly,  the  solution  of 
white  vitriol,  upon  which  the  second  wax  hall  takes  its  place )  and  laatlj, 
the  quicksilver  is  poured  down  the  tube,  and  upon  this  heavy  metalho 
fluid  the  iron  or  gloss  ball  floats  like  a  cork  on  water. 

The  tube  may  now  be  carefully  removed,  pausing  at  each  liquid,  so 
that  no  mixture  take  place  between  them ;  and  the  result  is  the  arrange- 
ment of  five  liquids,  giving  the  appearance  of  a  cylindrical  glass  painted 
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with  btndaof  crimaon,  blnej  and  sUrer;  and  the  liqaida  will  not  mingle 
with  each  other  for  manj  days. 

A  motejKrmanent  anaogement  can  be  devised  bjiisiog  liquids  which 
have  Qo  BEonity,  or  will  not  mix  with  each  other — sack  as  mereuiy, 
water,  and  tnrpentbe. 

The  specific  wei^t  or  weights  of  an  equal  measure  of  ak  and  other 
gases  is  determinea  on  the  same  principle  aa  liquids,  although  a  diffe- 
rent apparatua  is  required.  A.  light  capped  glass  globe,  with  stopMxwk, 
from  bO  to  100  enljic  inches  cnpncity,  is  weigced  full  of  air,  then 
exhausted  bj  an  air-pump,  and  weighed  emptj,  the  loss  beinf  tnkea  as 
the  weight  of  its  volome  of  air ;  these  %ares  are  carefiUlj  noted, 
because  air  instead  of  teatar  is  the  standard  of  comparison  for  all  gaaes. 
When  tiie  sjiedfie  gravity  of  anj  other  gas  is  to  be  taken,  the  glass 
gbbe  is  agau  eibausted,  and  screwed  on  to  a  gas  jar  provided  with  a 
proper  stop-cock,  in  which  the  gas  is  contained ;  and  when  perfect 
accuTRc;  is  required,  the  gas  mnst  be  dried  bj  passing  it  over  some 
asbestos  moistened  with  oil  of  vitriol,  and  contained  in  a  gloss  tube^and 
the  ga>  jar  shonhl  stand  in  a  merciuial  trough.  (Fig.  70.)    The  stop- 


■e  gradoallj  tomed,  and  the  gas  admitted  to  the  exhausted  globe 
from  the  gas  gar  i  when  foil,  the  cocks  are  turned  off.  the  globe  unscrewed, 
and  again  weighed,  and  by  the  common  rnle  of  proportion,  as  the  weight 
of  the  air  flref  found  ia  to  the  weight  of  the  gas,  so  is  unity  (1000,  S» 
density  of  air)  to  a  number  which  expresses  the  density  of  the  gas 
required.  If  oxre*" '">^^«en  the  gas  tned,  the  number  wodd  be  llll, 
bemg  the  spedfic  gravity  of  that  OMeous  element.  U  chlorine,  2'470. 
Carbonic  acid,  I'SOO.  Hydrogen  being  muoh  less  than  air,  the  number 
would  only  be  69,  or  decimally  0'069. 

A  very  good  approximation  to  the  correct  speeiflo  gravity  (partioujarly 
where  a  number  of  trials  have  to  be  made  with  the  same  ps,  sndi  as 
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ordinarj  ooal  gas)  is  obtained  by  suspending  a  light  paper  box,  with  holes 
at  one  end,  on  one  arm  of  a  balance,  and  a  oounteipoise  on  the  other. 
The  box  can  be  made  carefoUy,  and  should  hare  a  ci^fMcit j  equal  to  a 


Tig.  71.   Ju  Th«  bdanee.   B.Tliepiiperbox,ofaknownoapadty.    o.  GM-pipe  blowing 
is  ooiil-gu,  the  anoiri  ihowiDg  entnace  of  gu  and  odt  of  the  ur. 

half  or  quarter  cubic  foot ;  it  is  suspended  with  the  holes  downward,  and  is 
filled  by  blowing  in  the  coal  gas  until  it  issues  from  the  apertures,  and  can 
be  recognised  by  the  smell.  The  rule  in  this  case  would  be  equally  simple : 
as  the  known  weight  of  the  half  or  quarter  cubic  foot  of  common  air  is 
to  the  weight  of  the  coal  gas,  so  is  TOOO  to  the  number  required. 

(^-  71-) 
As  an  illustration  of  the  different  specific  weights  of  the  gases,  a 

small  balloon,  containing  a  mixture  ot  hydrogen  and  air,  may  be  so 
adjusted  that  it  will  just  sink  in  a  tall  glass  shade  iuTerted  and  sup- 
ported on  a  pad  made  of  a  piece  of  oilcloth  shaped  round  and  bound 
with  list.  On  passing  in  quickly  a  large  quantity  of  carbonic  add,  the 
little  balloon  will  float  on  its  surface ;  and  if  anotlier  balloon,  containing 
only  hydrogen,  is  held  in  the  top  part  of  the  open  shade,  and  a  sheet  of 
glass  carefuUy  slid  oyer  the  open  end,  the  density  of  the  gases  (although 
they  are  per^tly  invisible)  is  perfectly  indicated ;  and,  as  a  climax  to 
the  experiment,  a  tliird  balloon  can  be  filled  with  laughinjg  gas,  and 
may  be  placed  in  the  glass  shade,  taking  care  that  the  one  full  of  pure 
hydrogen  does  not  escape ;  the  last  balloon  will  sink  to  the  bottom  ot  the 
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Pan  bjdioJtKL 


(CuboDloidd.) 


ju,  becaoae  Uoghiog  ma  is 
nlmost  as  heATj  as  csrMmic 
acid,  and  the  weight  of  tfae 
balloon  will  detenmne  its 
descent.  (Fif.  7S.) 

A  Kuw-biibblB  will  rest 
most  penectl;r  on  i^  sniface 
ofcanKmicacidgASiandthe 
aerial  and  elastic  cnahion 
supports  the  bnbble  till  it 
bursts.  The  eiperimeiit  is 
best  performed  bj  taking  a 
slass  shade  twelve  incEes 
broad  aud  deep  in  propor- 
tion, and  reating  it  on  a 
pad;  half  a  pound  of  ser 

aaicarboaate  of  soda  i 
len  placed  iu  the  vessel, 
aiidupon  this  is  poureda  mixture  of  half  a  pint  of  oil  of  Titriol  and  half 
a  pint  of  water,  the  ktter  bein^  previouslj  mixed  and  albwed  to  cool 
before  use.  An  enonnous  quantity  of  carbonic  acid  gaa  is  auddenly  gene- 
rated, and  rising  to  the  edge,  oreruaws  at  the  tap  of  the  glass  shade,  A 
well-formed  soap-bubble,  detached  neatlj  from  tbe  end  of  a  glass-tube, 
osciUatcs  gentlj  on  the  surface  of  the  heav/  gas,  and  presents  a  most 
curious  and  pleasing  appearance.  The  soap;  water  is  prepared  b; 
catting  a  few  pieces  of  yellow  soap,  and  placing  them  in  a  two-ounce 


nr.  n.  lofvM 


bottle  containing  distilled  water,    (Fig.  73.)  The  specific  gravitj  of  the 
gases,  mi^  therefore  be  either  greater,  or  less  than  atraosphcuio  air, 
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which  has  been  already  mentioned  as  the  standard  of  compariaoii,  and 
examined  bj  this  test  the  vapours  of  some  of  the  oomponnds  of  carbcn 
and  hydrogen  are  found  to  possess  a  remarkably  nigh  grarily ;  in 
proof  of  which,  the  vapour  of  ether  may  be  adduced  as  an  ffnunnlpj 
although  it  does  not  consist  only  of  the  two  elements  mentioned,  oot 
contains  a  certain  quantity  of  oxygen.  In  a  cylindrical  tin  vessel,  two 
feet  high  and  one  foot  in  diameter,  place  an  ordinaiy  hot-water  plate; 
of  course  full  of  boilinff  water ;  upon  this  warm  surface  pour  aboat  half 
an  ounce  of  the  best  etner ;  and,  after  waiting  a  few  minutes  untO  iht 
whole  is  converted  into  vapour,  take  a  syphon  made  of  half-inch  pewter 
tube,  and  warm  it  by  pourmg  through  it  a  little  hot  water,  taking  caie 
to  allow  the  water  to  drain  away  from  it  before  use.  After  placing  the 
syphon  in  the  tin  vessel,  a  light  may  be  applied  to  the  extremity  ci  the 
lon^  leg  outside  the  tin  vessel,  to  snow  that  no  ether  is  passing  over 
tintil  the  air  is  sucked  out  as  with  the  water-svpho]i;  and  after  tms  has 
been  done,  several  warm  ghus  vesseb  majr  be  filled  with  this  heavy 
vapour  of  ether,  which  bums  on  the  application  of  flame.  Finally,  tae 
remainder  of  the  vapour  may  be  burnt  at  the  end  of  the  syphon  tabc^ 
demonstrating  in  tne  most  satisfsctory  manner  that  tlie  vi^nr  is 
flowing  through  the  svphon  just  as  spirit  is  removed  by  the  distiDeii 
from  tne  casks  into  oellus  of  the  poblio-houBes.  (Fig.  74.) 


Fig.  74.  A.  Tin  tmmI  oonUininff  the  hot-water  plate^  i;  opoD  whleh  ths  eUier  it 
ponred,  o.  The  lyphQin.  s.  Olus  to  receire  the  Yaooar.  b.  ComboittQa  of  the  ether 
f  apoar  in  another  veaiel. 
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Before  dismissing  the  important  subject  of  specific  gravity  (or,  as  it 
is  termed  by  the  French  savanit,  **  density"),  it  may  be  as  well  to  state 
that  Rstronomers  have  been  enabled,  by  takmg  the  density  of  the  eartk 
and  by  astronomical  observations,  to  calculate  the  gravity  of  the  nlaaetB 
belonging  to  our  solar  system ;  and  it  is  interesting  to  observe  tnat  the 
density  of  the  planet  Venus  is  the  only  one  approaching  the  gravity  d 
the  earth : — 

TheEarth I'OOO 

The  Sun '254 

The  Moon '742 

Mercury 2-583 

Venus 1037 

Mars -660 

Jupiter -258 

Saturn -104 

Herschel -220 


CHAPTER  VI. 

▲TTKA.CTION  07  COHZSION. 

Ik  previous  chapters  one  kind  of  attraction— vis.,  that  of  ^vita- 
tion,  has  been  discussed  and  illustrated  in  a  popular  manner,  and 
pursuing  the  examination  of  the  invisible,  active,  and  real  forces  of 
nature,  the  attraction  of  cohesion  will  next  engage  our  attention. 
Tliere  is  a  peculiar  satisfaction  in  pursuing  such  investigations,  because 
every  step  is  attended  bv  a  reasonable  proof;  there  is  no  ffhostly 
mystery  in  philosophic  stuoies ;  the  mind  is  not  suddenly  startlea  at  one 
moment  with  that  which  seems  more  than  natural ;  it  is  not  carried  away 
in  an  ecstasy  of  wonder  and  awe,  as  in  the  so-called  ipirii-rapping  ex- 
periments^ to  be  again  rudely  brought  back  to  the  mat^ial  by  tne  &clo- 
sure  of  trickeries  of  the  most  ludicrous  kind,  such  as  those  lately  ex- 
posed by  M.  Jobert  de  Lamballe,  at  the  Academy  of  Sciences  at  raris. 
This  gentleman  has  unmasked  the  effrontery  ot  the  spirit-rappers  by 
merely  stripping  the  stocking  from  the  heel  of  a  young  girl  of  fourteen. 
M.  Velpeau  declarea  that  the  rapping  is  produced  by  the  muscles  of  the 
heel  and  knee  acting  in  concert,  and  quotes  the  case  of  a  lady  once 
celebrated  as  a  medium,  who  has  the  power  of  producing  the  most 
curious  and  interesting  music  with  the  tendons  of  the  thigh.  This 
music  is  said  to  be  loud  enough  to  be  heard  from  one  end  of  a  long 
room  to  the  other,  and  has  often  nlayed  a  conspicuous  part  in  the  reve- 
lations made  bv  the  medium.  M.  Jules  Clocquet  also  expUined  the 
method  by  whicii  the  famous  girl  pendulum  had  so  long  abused  the  cre- 
dulity of  the  Paris  public.  Tms  rirl,  whose  self-styl^  faculty  is  that 
of  striking  the  hour  at  any  time  of  the  day  or  night,  was  attended  at 
the  Hospital  St.  Louis  by  M.  Clocquet,  who  states  that  the  vibntioDB  in 
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this  case  were  prodaccd  by  a  rotatory  motion  in  the  lumbar  regiona  of 
the  vertebral  column.  The  sound  of  these  (a  la  rattlesnake)  was  so 
powerful,  that  they  might  be  distinctly  heard  at  a  distance  of  twenty- 
nve  feet. 

In  studying  the  powers  of  nature,  which  the  most  sceptical  mind 
allows  must  exist,  there  is  an  abundant  field  for  experiment  without 
attempting  the  exploits  of  Macbeth's  witches,  or  the  fanciful  powers  of 
Manfred ;  and,  returning  to  the  theme  of  our  present  chapter,  it  may  be 
asked,  how  is  cohesion  defined  P  and  the  answer  may  be  given,  br 
directing  attention  to  the  three  physical  conditions  or  water,  whicn 
assumes  the  form  of  ice,  water,  or  steiam. 

In  the  Polar  regions,  and  also  in  the  Alpine  and  other  mountains 
where  glaciers  exist,  there  the  traveller  speaks  of  ice  twenty,  thirty,  forty, 
nay,  three  hundred  feet  in  thickness.  Here  the  withdrawal  of  a  certain 
r[uantity  of  heat  from  the  water  evidently  allows  a  new  force  to  come 
into  fuU  play.  We  may  call  it  what  we  like ;  but  cohesion,  from  the  Latin 
cum,  together,  and  hareo,  I  stick  or  deave,  appears  to  be  the  best  and 
most  rational  term  for  this  power  which  tenos  to  make  the  atoms  or 
piurticles  of  the  same  kind  of  matter  move  towards  each  other,  and  to 
prevent  them  being  separated  or  moved  asunder.  That  it  is  not  merely 
tijroothetical  is  shown  oy  the  following  experiments. 

if  two  pieces  of  lead  are  cast,  and  the  ends  nicely  scraped,  taking 
care  not  to  touch  the  surfaces  with  the  fingers,  they  may  by  simple 
pressure  be  made  to  cohere,  and  in  that  state  of  attraction  may  oe  lifted 

from  the  table  by  the  ring  which  b 
usually  inserted  for  convenience  in 
the  upper  piece  of  lead ;  they  may  be 
hung  ior  some  time  from  a  proper 
support,  and  the  lower  bit  of  lead 
will  not  break  away  from  the  upper 
one ;  they  may  even  be  suspendeo,  as 
demonstrated  by  Morveau,  m  the  va- 
cuum of  an  air-pump,  to  show  that  the 
cohesion  is  not  mistaken  for  the  pres- 
sure of  the  atmosphere,  and  no  se- 
paration occurs.  And  when  the  union 
IS  broken  by  physical  force,  it  is  sur- 
prisii^  to  notice  the  limited  number 
of  points,  like  pin  points,  where  the 
cohesion  has  occurred;  whilst  the 
weight  of  the  lump  of  lead  upheld 
a^amst  the  force  of  gravitation  re- 
minds one  forcibly  of  the  attraction 
of  a  mass  of  soft  iron  by  a  powerful 
magnet,  and  leads  the  pmlosophic  in- 
Fig.76.  A  A.  Two  pieces  of  lead,  scraped  quircr  to  speculate  on  the  principle 

-- at  the  8urfiiccsiiii.c.  stand,  sap-  ^f  cohesion  beiniT  oulv  some  masked 
ig  the  two  pieces  of  lead  attached    ,     wm*a>*w»*  wv«ag  v*u,t  o^iuv  •uoo^vw 

h  other  by  coheaioxu  form  of  magnetic  or  eiectncal  attrac- 

tion. (Fig.  75.) 
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A  fine  example  of  the  same  force  is  shown  in  the  use  of  a  pair  of  flat 
iron  surfaces,  planed  by  the  celebrated  Whitwortb,  of  Manchester. 


Fig.  76.  A.  Whitworth's  planes,  with  film  of  air  between  them. 
B.  Fihn  of  air  eocclndfid  when  oohoiion  occnn. 

These  surfaces  are  so  true,  that  when  placed  upon  each  other,  the  upper 
one  will  freely  rotate  when  pushed  round,  in  consequence  of  the  tnin 
film  of  air  remaining  between  the  surfaces,  which  acts  like  a  cushion, 
and  prevents  the  metallic  cohesion.  When,  however,  the  upper  plate  is 
slid  over  the  lower  one  mdually,  so  as  to  exclude  the  air,  then  the  two 
may  be  lifted  together,  because  cohesion  has  taken  place.  (Fig.  76.) 

A  glass  vessel  b  a  good  example  of  cohesion.  The  materials  of  which 
it  is  composed  have  been  soft  and  liquid  when  melted  in  the  fire,  and  on 
the  removal  of  the  excess  of  heat  it  has  become  hard  and  solid,  in 
consequence  of  the  attractive  force  of  cohesion  binding  the  particles 
together ;  in  the  absence  of  such  a  power,  of  course,  the  material  would 
fau  into  the  condition  of  dust,  and  a  mere  shapeless  heap  of  silicates  of 

Eotosh  and  lead  would  indicate  the  pbice  where  the  moulded  and  co- 
erent  glass  would  otherwise  stand. 

A  lump  of  lead,  six  inches  long  by  four  broad,  and  half  an  incli 
thick,  may  be  supported  by  dexterously  taking  ofT  a  thick  shaving 
with  a  proper  plane,  and  after  pressing  an  inch  or  more  of  the  strip  on 
the  planed  surface  of  the  laree  lump  of  lead,  the  cohesion  is  so  powerful 
that  the  latter  may  be  lifted  from  the  table  by  the  strip  of  metal. 

The  bullets  projected  from  Perkins'  steam- gun,  at  the  rate  of  tliree 
hundred  per  minute,  are  thrown  with  such  violence,  that,  when  received 
on  a  thicK  plate  of  lead  backed  up  with  sheet  iron,  a  cold  welding  takes 
pbce  between  the  two  surfaces  of  metal  in  the  most  perfect  manner, 
just  as  two  soft  pieces  of  the  metal  potassium  may  be  saueezed  and 
welded  together.  The  surfaces  of  an  apple  torn  asunder  will  not  readily 
cohere,  but  if  cut  with  a  sharp  knife,  concsion  easilv  occurs ;  so  with  a 
wound  produced  by  a  jagged  surface,  it  is  difficult  to  make  the  parts 
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heal,  whereas  some  of  the  most  desnerate  sabre-cuts  have  been  faflafed, 
the  cohesion  (^  the  surfaces  of  cut  flesh  beiiig  very  rapid ;  hence,  if  fiie 
top  of  a  finfer  is  cut  off,  it  may  be  replaoetC  and  will  grow,  in  oonse^ 
qnence  of  the  natural  cohesion  of  the  parts. 

The  art  of  plating  copper  with  silver,  which  is  afterwards  gilt»  and 
then  drawn  out  into  flattened  wire  for  the  manufacture  of  gold  laoe  and 
epaulets,  usually  termed  bullion,  is  another  example  of  the  wonderful 
cohesion  of  the  particles  of  ^ld«  of  which  a  single  grain  maj  be  ex- 
tended over  the  nnest  plate  woe  measuring  345  feet  in  length. 

The  process  of  making  war  candles  is  a  good  illustration  of  the 
attraction  of  cohesion ;  they  are  not  generally  cast  in  moulds,  as  most 
persons  suppose,  but  are  made  by  the  successive  applications  of  melted 
wax  aroimd  the  central  plaited  wick.  Other  examples  of  cohesion  are 
shown  by  icicles,  and  also  stalagmites ;  idiich  hitter  are  produced  bv  the 
gradual  dropping  of  water  containing  chalk  (carbonate  of  lime)  held  in 
solution  by  the  excess  of  carbonic  acid  gas;  the  solvent  gradually 
evaporates,  and  leaves  a  series  of  calcareous  films,  and  these  cohere  in 
succession,  producing  the  most  fuitastio  forms,  as  shown  in  various 
remarkable  caverns,  and  especially  in  the  cave  of  Arta,  in  the  isbmd  <^ 
Majorca. 

in  metallic  substances  the  cohesion  of  the  particles  assumes  an  im- 
portant bearing  in  the  question  of  relative  toughness  and  power  of 
resisting  a  stram ;  hence  the  term  cohesion  is  mocufted  into  that  of  the 
property  of  "tenacity." 

The  tenacity  of  the  different  metals  is  deteimined  by  ascertaining  the 
weight  required  to  break  wires  of  the  same  length  and  guage.    Iron 
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wire  at  a  easily  snpporte. 

appears  to  possess  the  property  of  tenacity  in  the  greatest,  and  lead  in 
toe  least  d4;ree.  (Fig.  77.) 
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The  tenaoity  o£  iron  is  taken  advantage  of  in  the  moet  soientifie 
Banner  by  the  great  engineers  who  have  constmeted  the  Britannia  Tabe^ 
and  that  eighth  wonder  of  the  world,  the  LeviaiioM,  or  Orwi  Eattem 
steam-ship.  In  both  of  these  snblime  embodiments  of  the  genius  and 
industrial  skill  of  Great  Britain  the  adTanta|B;e  of  the  cellular  principle 
is  fully  recognised.  The  magnitude  of  this  colossal  ship  is  better 
realized  when  it  is  remembereathat  the  QretU  Eastern  is  six  times  the 
size  of  the  Duke  of  Ftf/Ztx^/online-of-battle  ship,  that  her  length  is  more 
than  three  times  that  of  the  height  of  the  Monument,  while  in  breadth 
it  is  equal  to  the  width  of  Fall  Mall,  and  that  a  promenade  round  the 
deck  will  afford  a  walk  of  more  than  a  quarter  of  a  mile.  Up  to  the 
water-mark  the  hull  is  constructed  with  an  inner  and  outer  sheU,  two 
feet  ten  inches  apart,  each  of  three-quarter-inch  plate ;  and  between 
them,  at  intervals  of  six  feet,  run  horizontal  webs  of  iron  plates*  which 
convert  the  whole  into  a  series  of  continuous  cells  or  iron  boxes.  (Fig.  78.) 


FlfT.  98.  TmntTtTM  leotton  of  €tt«at  Battam,  showiDg  the  oottolar  oonstnictlon 

2h>m  keel  to  water-line,  a  a. 

This  double  ship  is  useful  in  various  ways ;  in  the  first  place,  the 
danger  arising  from  collision  is  diminished,  as  it  is  supposea  that  the 
outer  web  only  would  be  broken  through  or  damaged ;  so  that  the  water 
would  not  then  rush  into  the  steam-ship,  but  merelv  fill  the  space 
between  the  shells.  In  the  second  place,  if  there  should  oe  any  difficulty 
in  procuring  ballast,  the  space  can  oe  filled  with  2500  tons  of  water,  or 
again  pumped  out,  accorain^  to  the  requirements  of  the  vessel.  The 
strength  of  a  continued  cellular  construction  can  be  easily  im^pcd,  and 
may  be  well  illustrated  by  a  thin  sheet  of  common  tin  plate,  u  the  ends 
be  rested  on  blocks  of  wood,  so  as  to  lap  over  the  wood  about  one  inch, 
they  are  easily  displaced,  and  the  mimic  bridge  broken  down  from  lis 
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■opporia  by  the  nddittoo  to  the  oentre  of  &  few  ounce  vdgfata ;  whibi 
theMme  tin  plate  rolled  up  in  the  figure  of  a  tube,  uid  anin  rested  od  Uk 
Mme  blocks.  Till  now  rapport  many  pounds  weight  wiuiout  bendiiig  ot 
breaking  down.  (Fig.  79.) 


;  toi- 


„e  T^t«r  is  18,300  ton^  and  22,600  tons  bunder's 
the  hull  of  the  Ortal  Eailtm  is  considered  to  be  of  such 
tenacitj,  thnt,  if  it  vera  supported  bv  massive  blocks  of  stone  six  feet 
square,  placed  at  each  end,  nt  stem  and  stem,  it  would  not  deflect,  curre, 
or  beod  down  in  the  middle  more  than  lix  inclia  even  with  all  her 
machinerj,  coals,  cargo,  and  livijig  freight. 

Inodducing  remarkabLe  instances  of  tte  adhesire  power  and  tenadtj  of 
inorganic  matter,  it  ma;  not  be  aJtt^ther  out  of  place  to  allude  to  Xht 
strength  and  force  of  living  matter,  or  muscular  power.  It  is  stated  that 
Dr.  George  B.  Winship,  of  Roxbuij  in  America,  a  jonng  physician,  twenty- 
fire  years  old,  and  weighing  143  pounds,  is  tho  strougest  man  alire ;  m 
fact,  quite  the  Samson  of  the  nineteenth  ceutory.  He  can  raise  a  barrel  <rf 
flour  from  the  floor  to  his  shoulders ;  can  raise  himself  with  either  Uitli 
linger  till  his  chin  is  half  a  foot  above  it ;  can  raise  300  pounds  with 
either  little  finger ;  can  put  up  a  church  bell  of  141  pounds ;  can  lift  with 
his  hands  92G  pounds  Qcad  weight  without  the  aid  of  stiaps  or  belta  of 
any  kind.  As  compared  with  Tmiham,  the  Cornish  strong  man,  irbo 
could  raise  800  pounds,  or  the  Belgic  one,  his  power  is  greater ;  and 
as  the  use  of  straps  and  belts  increases  the  power  of  lifting  by  about 
four  times,  it  is  stated  that  Winship  coold  lift  at  least  8£00  ponndi 
weight. 

With  these  illustrations  of  cohesion  we  may  return  again  to  the  ab- 
strnct  consideration  of  this  power  with  reference  to  water,  in  which  we 
have  noticed  that  the  antagonist  to  this  kind  of  attiaction  is  the  force  or 

toner  termed  caloric  or  heat.  The  latter  influence  removes  the  frozen 
nnds  of  winter  and  converts  the  ice  to  the  next  condition,  water.  In 
this  state  cohesion  is  almost  concealed,  although  there  is  jnst  a  sli^ 
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excess  to  hold  even  the  particles  of  water  in  a  state  of  unity,  and 
this  fact  is  bearatifnlly  illostrated  by  the  formation  of  the  briUiant  dia- 
mond drops  of  dew  on  the  surfaces  of  varions  leaves,  as  abo  in  the  force 
and  power  exercised  by  great  volumes  of  water,  which  exert  their  mightv 
strength  in  the  shape  of  breaker-waves,  dsfihing  against  rocks  md 
lighthouses,  and  making  them  tremble  to  their  very  base  by  the  violence 
of  the  shock;  here  there  must  be  some  unity  of  particles,  or  the  col- 
lective strength  could  not  be  exerted,  it  would  be  like  throwing  a  hand- 
ful of  sand  against  a  window — a  certain  amount  of  noise  is  produced,  but 
the  glass  is  not  fractured ;  whilst  the  same  sand  united  by  any  glutinous 
material,  would  break  its  way  through,  and  soon  fracture  the  brittle 
glass.  It  is  so  usual  to  see  the  particles  of  water  easily  separated,  that  it 
becomes  difficult  to  reoo^se  tne  presence  of  cohesion ;  but  this  bond  of 
union  is  well  illustrated  m  the  experiment  of  the  water  hammer.  The 
little  instrument  is  generally  made  of  a  glass  tube  with  a  bulb  at  one 
end ;  in  this  bulb  the  water  which  it  contains  is  boiled,  and  as  the  steam 
issues  from  the  other  extremity,  drawn  out  to  a  capilhuy  tube,  the  open- 
ing is  closed  by  fusion  with  the  heat  of  a  blowpipe  flame.  As  tho 
water  cools  the  steam  condenses,  and  a 
vacuum,  so  far  as  air  is  concerned,  b 
produced;  if  now  the  tube  is  suddenly 
inverted,  the  whole  of  the  water  falls  e» 
maue,  collectively,  and  striking  against 
the  bottom  of  the  tube,  produces  a  me- 
tallic ring,  just  as  if  a  piece  of  wood  or 
metal  were  contained  within  the  tube. 
If  the  end  to  whloL  the  water  falls  is 
not  well  cushioned  by  the  palm  of  the 
hand,  the  water  hammers  itself  through 
and  brsaks  away  that  part  of  the  glass 
tube.  Hence  it  is  better  to  construct  the 
water  hammer  of  copper  tube,  about 
three-quarters  of  an  inch  in  diameter  and 
three  feet  long ;  at  one  end  a  female  screw- 
piece  is  inserted,  into  which  a  stop-cock 
IS  fitted ;  when  the  tube  is  filled  to  the 
height  of  about  six  inches  with  water,  and 
shaken,  the  air  divides  the  descending 
volume  of  water,  and  the  ordinary  splash- 
ing sound  is  heard ;  there  is  no  imity  or 
conesion  of  the  parts;  if,  however,  the 
end  of  the  copper  tube  is  thrust  into 
a  fire  and  the  water  boiled  so  that  steam 
issues  from  the  cock,  which  is  then  closed, 
and  the  tube  removed  and  cooled,  a  smart 
blow  is  given,  and  distinctly  heard  when 

the  copper  tube  is  rapidly  injerted  or    Srh:^f5r^,:S?Tif«5l 
shaken  so  as  to  cause  tne  water  to  nse    the  end  to  be  placed  in  ttie  are  at  o 
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Fig.  80.  A.  Ordinary  glaae  water 
hammer,     b.  Copper  tube  ditto, 
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and  faU.  The  experimeiit  may  be  rendered  still  more  inatmctiTB  fay 
tmning  the  cock  and  admitting  the  air,  which  rushes  in  with  a  whiadns 
sound,  and  on  shaking  the  tube  the  metallic  rin^  is  no  longer  h^r£ 
bat  it  may  be  again  restored  by  attaching  a  small  air  syringe  or  hand 
pump,  and  remoYin^  the  air  by  exhaustion.  (Fig.  80.) 

In  the  fluid  condition  water  still  possesses  a  surplus  of  cohesion  over 
the  antagonistic  force  of  heat ;  when,  however,  the  latter  is  applied  in 
excess,  then  the  quasi-struggle  terminates;  the  heat  overpowers  the 
cohesive  attraction,  and  converts  the  water  into  the  most  willing  slave 
which  has  ever  lent  itself  to  the  caprices  of  man — ^viz.,  into  steam — 
glorious,  useful  steam :  and  now  the  other  end  of  the  chain  is  reached, 
where  heat  triumphs ;  whilst  in  solids,  such  as  ice,  cohesion  is  the  con- 

2ueror,  and  the  intermediate  link  is  displayed  in  the  fluid  state  of  water, 
f  any  fact  could  give  an  idea  of  the  gigantic  size  of  the  Greai  Edsient^ 
it  is  the  force  of  the  steam  which  wul  be  employed  to  move  it  at  the 
rate  of  about  eighteen  miles  perhourwith  a  power  estimated  at  the  nominal 
rate  of  2600  horses,  but  absolutely  of  at  least  12,000  horses.  This 
steam  power,  coupled  with  the  fact  that  she  has  been  enormously 
strenfi;tDened  in  her  sharp,  powerful  bows,  by  laying  down  three  complete 
iron  decks  forward,  extending  from  the  bows  l)ackward  for  120  feet,  wiH 
demonstrate  that  in  case  of  war  the  Oreai  Eastern  may  prove  to  be  a 
powerful  auxiliary  to  the  Government.  These  decks  wul  be  occupied 
by  the  crew  of  300  or  400  men,  and  with  this  large  increase  of  strengtili 
forward,  the  Great  Eastern,  steaming  full  power,  could  overtake  and  cut 
in  two  the  largest  wooden  line-of-battle  smp  that  ever  floated.  Should 
war  unhaopily  spread  to  peaceful  England,  and  the  enormous  power  of 
this  vessel  be  realized,  her  name  would  not  inappropriately  be  changed 
from  the  Great  Eastern  to  the  Great  Terror  of  the  ocean.  The  Times 
very  properly  inquires,  "  What  fleet  could  stand  in  the  way  of  such  a 
mass,  weighing  some  30,000.  toss,  and  driven  through  the  water  by 
12,000  horse-power,  at  the  rate  of  twenty-two  or  twenty-three  miles  per 
hour.  To  produce  the  steam,  250  tons  of  coal  per  diem  will  be  re- 
quired, and  great  will  be  the  honourable  pride  of  the  projectors  when  they 
see  her  fairly  afloat,  and  gliding  through  the  ocean  to  the  Far  West."* 
A  good  and  striking  experiment,  displaying  the  change  from  the 
liquid  to  the  vapour  state,  is  shown  by  tying  a  piece  of  sheet  caoutchouc 
over  a  tin  vessel  containing  an  ounce  or  two  of  water.  When  this  boils, 
the  india-rubber  is  distended,  and  breaks  with  a  loud  noise;  or  m 
another  illustration,  by  pouring  some  ether  through  a  funnel  carefuUy 
into  a  flask  placed  in  a  rin^  stand.  If  flame  is  applied  to  the  orifice 
no  vapour  issues  that  will  ignite,  provided  the  neck  of  the  flask  has  nol 
been  wetted  with  the  ether.  When,  however,  the  heat  of  a  spirit-lamp 
is  applied,  the  ether  soon  boils,  and  now  on  the  application  of  a  lighted 
taper,  a  flame  some  feet  in  length  is  produced,  whidi  is  regulated  by  the 


*  For  reawms  into  which  it  is  uimeoeBsary  to  enter  here,  these  antacmatk 
regardixig  the  Chreat  Eastern  hayo  not  been  realised.  But  the  noble  ship  has 
done  good  service  in  laying  the  suhmaiine  cables  which  connect  the  Old  World 
with  uie  If ew. 
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spirit-lamp  below,  and  when  this  is  remoTed,  the  lenffth  of  the  flame 
diminishes  immediately,  and  is  totally  extinguished  if  the  bottom  of  the 
flask  is  plnneed  into  cold  water ;  the  withdrawal  of  the  heat  restores  the 
power  of  cohesion*  Another  illnstration  of  the  Tast  power  of  steam 
»  displayed  in  the  Steam  Hammer  invented  by  Mr.  Nasmyth.  The 
progress  of  modem  engineering  rendered  necessary  the  employment  of 
some  means  of  beating  into  shape  the  enormous  masses  of  iron  which 
are  so  largely  used  in  constructive  works.  It  is  true  that  steam  was 
applied  to  this  purpose  before  Mr.  Nasmyth  took  the  matter  up,  but  it 
was  done  in  such  a  roundabout  fashion,  that  very  little  advantage 
accrued  thereby.  Kasinyth's  steam  hammer  consists  of  an  anvil  sup- 
ported upon  a  very  strong  foundation  of  masonry.  Above  this  anvil 
rises  a  hugh  arm  supporting  a  steam  cylinder — ^to  the  piston  rod  of 
which  is  attached  a  block  of  iron  forming  the  head  of  the  hammer. 
The  steam  is  admitted  below  the  piston  to  raise  the  hammer,  and  above 
it  as  it  delivers  its  blow,  the  force  of  which  is  of  course  greatly  aug* 
mented  by  the  weight  of  the  falling  mass  of  iron. 


CHAPTER  Vn. 

ADHE8IV9  ATTBACTIOV. 

The  term  cohesion  must  not  he  confounded  with  that  of  adhesion,  which 
refers  to  the  clinging  to  or  attraction  of  bodies  of  a  dissimilar  kind.  The 
late  Professor  Danieli  defines  cohesion  to  be  an  attraction  of  homogeneous 
(^/ior,  like,  and  ycW,  kind)  or  similar  particles ;  adhesion  to  be  an  at- 
traction subsisting  between  particles  of  a  heterogeneous,  crcpor,  different, 
and  yt  vor,  kind. 

There  are  numerous  illustrations  of  adhesion,  such  as  mending  china, 
and  the  ase  of  glue,  or  paste,  in  uniting  different  surfaces,  or  mortar,  in 
building  with  bricks ;  it  is  also  well  shown  at  the  lecture  table  by  means 
of  a  paur  of  scales,  one  seale-pan  of  which  being  well  deaned  with  alkali  at 
the  bottom,  may  then  be  rested  on  the  surface  of  water  contained  in  a 
plate ;  the  adhesion  between  the  water  and  the  metal  is  so  perfect,  that 
many  grain  weights  may  be  placed  in  the  other  pan  before  the  adhesion 
is  broken;  and  after  breakage,  if  the  pan  be  again  plao&d  on  the  water, 
and  a  few  mins  removed  from  the  other,  so  as  to  adjust  the  two  pans, 
and  make  them  nearly  equal,  a  drop  of  oil  of  turpentine  being  added,  in- 
stantly spreads  itself  over  the  water,  and  breaking  the  adhesion  between 
the  ktter  and  the  metal,  the  scale-pan  is  immediately  and  again  broken 
awav,  as  the  adhesion  between  the  turpentine  and  the  metal  is  not  so  great 
as  that  of  water  and  metal.  The  adnesion  of  air  and  water  is  well  dis- 
l4ayed  in  an  apparatus  recommended  for  ventilating  mines,  in  which  a 
constant  descending  stream  of  water  carries  with  it  a  quantity  of  air, 
which  beifU"  disengaged,  is  then  forced  out  of  a  proper  onflce.  The  same 
kind  of  aoDesion  between  air  and  water  is  dispuyed  in  the  ancient 
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Spanish  Catalan  foiige,  where  the  blast 
is  supplied  to  the  iron  famace  on  a  simi- 
lar principle,  only,  a  natural  cascade  is 
Udcen  advantage  of  instead  of  an  artificial 
fall  of  water  throneh  a  pipe. 

The  adhesion  of  air  and  water  be- 
comes of  some  value  when  a  rivor 
flows  through  a  lar^  and  crowded  city, 
because  the  water  in  its  passa^  to  and 
fro,  must  necessarily  drag  with  it,  a 
continuous  column  of  air,  and  assist 
in  maintaining!  that  constant  agitation  of 
the  air  which  is  desirable  as  a  preventiTe 
to  any  accumulation  of  noxious  air 
charged  with  foetid  odours,  arising  from 
mud  bimks  or  from  other  causes.  The 
fact  of  adhesion,  existing  between  water 
and  air,  is  readily  shown,  by  resting  one 
end  of  a  long  glass  tube,  of  at  least  one 
inch  diameter,  on  a  block  of  wood  one 
foot  hiffh.  If  water  is  allowed  to  flow 
down  toe  tube,  so  as  to  leave  a  sufficient 
space  %f  air  above  it,  the  adhesion  be- 
tween the  two  ancient  elements  becomes 
apparent,  directly  a  little  smoke  is  pro- 
duced, near  the  top  end  of  the  ghas  tube 
restmg  on  the  block  of  wood.  The 
smoke,  which  has  a  greater  tendency  to 
rise  than  to  fall,  is  dragged  down  the 
glass  tube,  and  accompanies  the  water 


tiRNirataB  ^  ^*  ^^^®  ^^^  ^^®  hij^her  to  the  lower 
cbt^  of  level.    The  same  truth  is  also  illustrated 


wt  dnwme  down  air.  jl  cutem  or  levei.  ±sm  same  vtuiu  ib  aisu  uiustnuea 
iroter.iupiaiedbjbaii^oodc.  and  kept  in  horizontal  troughs  Or  tubes  through 

at  one  lereL  so  that  the  water  Jost       ,  .  ,         .  °  ^j  i^  ii ^ 

runs  down  &e  ddee  of  the  tnbe,  and   which  water  is  caused  to  flOW. 

drawi  down  the  air  in  the  centre,  b  The  adhesion  between  air  and  glass  is 

"W.SiySi'.^-r.Xli^bl  «'f?'^  tl«t  it  is  absolutely  necessary 

tube,  T.    There   is  another  ball-  to  Doil  the  mercury  m  the  tuDCS  of  the 

cock  to  permit  the  wMto  wat«r  to  ijest   barometers;   and  if  this   is   not 

run  away  when  it  reaches  a  certain  •  n       xi     j  j   x      ai.       ji.     • 

level;  tiie  end  of  the  pipe  always  dips  Carefully  attended  to,  the  adnenng  air 
some  inches  into  thfa  water,  whilst  between  the  glass  and  mercurr  gra- 

the  air  escapes  firom  the  jet.  n.  ^^  ^^^»  ^^    ^^    destroys,    the 

Torricellian  vacuum  at  the  top  of  the  barometer  tube.  Even  after 
the  mercury  is  boiled,  the  air  will  creep  up  in  course  of  years  ;  and 
in  order  to  prevent  its  passage  between  the  glass  and  Quicksilver,  it 
has  been  recommended,  that  a  platinum  ring  should  be  welded  on  to  the 
end  of  the  ghiss  tube,  because  mercury  has  the  power  of  wetting  or  en- 
filming  the  metal  platinum,  and  the  two  being  in  close  contact,  womd,  as  it 
were,  shut  the  only  door  by  which  the  air  could  enter  the  barometer  tube. 
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CHAPTER  Vm. 

CAPILLABT  ▲TTKA.CTIOK. 

This  kind  of  attraction  is  termed  capilliury,  in  consequence  of  tabes,  of 
a  calibre,  or  bore,  as  fine  as  hair,  attracting  and  retaining  fluids. 

If  water  is  poured  into  a  ^lass,  the  surface  is  not  level,  but  cupped 
at  the  edges,  wuere  the  solid  giass  exerts  its  adhesive  attraction  for  the 
liquid,  aim  draws  it  from  the  level.  If  the  glass  be  reduced  to  a  very 
narrow  tube,  having  a  hair-like  bore,  the  attraction  is  so  great  that  the 
water  is  retained  in  the  tube,  contrary  to  the  force  of  gravitation. 
Two  pieces  of  flat  glass  pUced  close  together,  and  then  opened  like  a 
book,  draw  up  water  between  them,  on  the  same  principle.  A  nkass  of 
salt  put  on  a  plate  containing  a  little  water  coloured  with  indigo  displays 
this  kind  of  attraction  most  perfectly,  and  the  water  is  quickly  drawn  up, 
as  shown  bv  the  blue  colour  on  the  salt.  A  little  solution  of  the  ammonio- 
snlphate  ol  copoer  imparts  a  finer  and  more  distinct  blue  colour  to  the 
salt.  A  piece  of  dry  Honduras  maho^y  one  inch  square,  placed  in  a 
saucer  containmg  a  little  turpentine,  is  soon  found  to  be  wet  with  the 
oil  at  the  top,  which  may  then  be  set  on  fire. 

*  Aknost  every  kind  of  wood  possesses  capillary  tubes,  and  will  float,  on 
account  of  these  minute  vessels  being  filled  with  air ;  if,  however,  the  air  is 
withdrawn,  then  the  wood  sinks,  and  by  boiling  a  ball  made  of  beech  wood 
in  water,  and  then  placing  it  under  the  vacuum  of  an  air  pump  in 
other  cold  water,  it  becomes  so  saturated  with  water  that  it  will  no 
longer  float.  A  remarkable  instance  of  the  same  kind  is  mentioned  bv 
Scoresby,  in  which  a  boat  was  pulled  down  by  a  whale  to  a  great  depth 
in  the  ocean,  and  after  coming  to  the  surface  it  was  found  that  the  wood 
would  neither  swim  nor  bum,  the  capillary  pores  being  entirely  filled 
with  salt  water. 

Apiece  of  ebony  sinks  in  water  on  account  of  its  density,  closeness^ 
and  freedom  from  air.  A  gauge  made  of  a  piece  of  oak,  with  a  hole 
bored  in  it  of  one  inch  diameter,  accurately  receives  a  dry  plug  of  willow 
wood  which  will  not  enter  the  orifice  after  it  is  wetted.  Miflstones  are 
split  by  inserting  wedges  of  dry  hard  wood,  which  are  afterwards  wetted 
and  swelled,  and  burst  the  stone  asunder.  One  of  the  most  curious 
instances  of  capillary  attraction  is  shown  in  the  currying  of  leather,  a 
process  which  is  intended  to  impart  a  softness  and  suppleness  to  the 
skin,  in  order  that  it  may  be  rendered  fit  for  the  manufacture  of  boots, 
harness,  machine  bands,  &o.  The  object  of  the  currier  is  to  fill  the 
pores  of  the  leather  with  oil,  and  as  this  cannot  be  done  by  merely 
smearing  the  surface,  he  prepares  the  way  for  the  oil  by  wetting  the 
leather  thoroughly  with  water,  and  whilst  the  skin  is  damp,  oil  is 
rubbed  on,  and  it  is  then  exposed  to  the  air ;  the  water  evaporates 
at  ordinary  temperatures,  but  oil  does  not ;  the  consequence  is  that  the 
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pores  of  the  leatlier  pie  up  the  water,  which  disappears  is.  eruKiratioii. 
and  the  oil  by  capiUuy  attraction  is  then  drawn  into  the  body  of  the 
leather,  the  oil  in  fact  takes  the  place  vacated  by  the  water,  and  renders 
the  material  verv  supple,  and  to  a  considerable  extent  waterproof.  In 
paper  making,  the  pores  of  this  material,  nnlcas  filled  up  or  sued,  eanse 
'  the  ink  to  blot  or  spread  hj  capillary  attraction.  The  porosity  of  soila  ia 
one  of  the  great  desideratums  of  tne  skilful  agriculturist,  and  drainage 
is  intended  to  remove  the  eicess  of  water  which  wonld  fill  the  pores  of 
the  earth,  to  the  exclusion  of  the  more  valoable  dews  and  rams  oob- 
veying  natritious  matter  derived  from  manures  and  the  atmosphere. 

A  cane  is  an  assemblage  of  small  tubes,  and  if  a  piece  of  about  six 
inches  in  length  (cnt  off,  of  cooise,  from  the  joints)  oe  placed  in  a  bottie 
of  turpentine,  the  oil  is  drawn  up  and  may  he  bamt  at  the  top ;  it  is  on 
this  principle  that  indestructible  wicka  of  asbestos,  and  wire  gaiue 
rolled  round  a  centre  core,  are  used  in  spirit  lamps.  Oil,  wai,  and 
tallow,  all  rise  by  capillary  attraction  in  the  wicka  to  the  flame,  vhsR 
they  ate  boiled,  converted  into  gas,  and  burnt. 

The  capillary  attraction  of  akeiua  of  cotton  for  watu  was  known 
and  appreciated  by  the  old  alchemists  j  and  Geher,  one  of  the  most 
ancient  of  these  pioneers  of  science,  and  who  lived  about  the  seventh 
century,  describes  a  filter  by  which  the  liquid  is  separated  from  the 
solid.  This  experimcot  is  well  displayed  by  putting  a  solution  of 
acetate  of  lead  into  a  glass,  which  is  placed  on  the  bluest  block  of  a 
■eriea  of  three,  arrangedas  steps.    Into  this  ghiss  is  placed  the  short  end 
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of  a  skein  of  lamp  cotton,  previously  wetted  with  distilled  water ;  the  long 
end  dips  into  another  glass  below,  containing  dilute  sulphuric  acid,  ana 
as  the  solution  of  lead  passes  into  it,  a  solid  wnite  precipitate  of  sulphate 
of  lead  is  formed ;  then  another  skein  of  wetted  cotton  is  placed  in 
this  glass,  the  long  end  of  which  passes  into  the  last  glass,  so  that  the 
clear  liquid  is  separated  and  the  solid  left  behind.    (Eig.  83.) 

In  this  filter  the  lamp  cotton  acts  as  a  syphon  through  the  capiUaiy 
pores  which  it  forms.  On  the  same  principle,  &  prawn  may  be  washed 
in  the  most  eleguit  manner  (as  first  snown  oy  the  late  Duke  of  Sussex), 
by  placing  the  tail,  after  pulling  off  the  fan  part,  in  a  tumbler  of  water, 
and  allowing  the  head  to  nan^  oyer,  when  the  water  is  drawn  up  by 
capillary  attraction,  and  contmues  to  run  through  the  head.  (Fig.  83.) 
The  threads  of  which  linen,  cotton,  and  woollen  cloths  are  made  are  small 
cords,  and  the  shrinkage  of  such  textile  fabrics,  is  well  known  and 
usually  inquired  about,  when  a  purchase  is  made ;  here  again  capillary 
attraction  is  exerted,  and  the  fabric  contracts  in  the  two  directions  of 
the  warp  and  woof  threads ;  thus,  twenty-seven  yards  of  common  Irish 
linen  wiU  permanently  shrink  to  about  twenty-six  yards  in  cold  water. 
In  these  cases  the  water  is  attracted  into  the  fibres  of  the  textile 
material,  and  causing  them  to  swell,  must  necessarily  shorten  their 
length,  just  as  a  dry  rope  strained  between  two  walls  for  the  purpose  of 
supporting  clothes,  has  been  known  to  draw  the  hooks  after  being  sud- 
denly wetted  and  shortened  by  a  shower  of  rain. 

In  order  to  tif'hten  a  bandage,  it  is  only  necessary  to  wind  the  dry 
linen  round  the  limbs  as  close  as  possible,  and  then  wet  it  with  water, 
when  the  necessary  shrinkage  takes  place. 

If  a  piece  of  dry  cotton  cloth  is  tied  over  one  end  of  a  lamp  glass,  the 
other  may  be  thrust  into,  or  removed  from  the  basin  of  water  verj  easily, 
but  when  the  cotton  is  wetted,  the  fibres  contract  and  prevent  air  from 
entering,  so  that  the  glass  retains  water  just  as  if  it  were  an  ordinary 
gas  jar  closed  with  a  glass  stopper. 

A  Spanish  proverb,  expressing  contempt,  says,  "go  to  the  well  with 
a  sieve,"  but  even  thb  seeming  impossibility  is  surmounted  by  using  a 
cylinder  of  wire  gauze,  which  may  oe  filled  with  water,  and  by  means  of 
the  capillary  attraction 
between  the  meshes  of  ^^^ 

the   copper-wire  gauze  ^ -yCN^- .--^ 

and  the  water,  the  whole  ^^ /         \ // 

is  retained,  and  may  be      \=^^^Z>^         ^^^^^iTif 

carefully  lifted  from  a        \      ^^^^^^^__^^       u 

basin  of  water ;  the  ex-         ^   ^K^^^^^^^^^^^k    II 

periment  onlj  succeeds  y^!^^^^^^^^^^^^m jY 

when  the  air  is  com-  ^^■^■^■■^^■^^^ 

pletely  driven  out  of  the  ^ —  ^=^y^ 

interstices  of  the  gauze,  — -^ 

and  the  little  cylinder  ^    ^^       «  ,     ,     *  /.  «  ^.  «f  .t^  ,^^ 

water ;  tins  may  be  done  be  lifted  from  the  baein  by  the  handle,  o. 


73  BOTS  FLATBOOS  OF  8CISN0K 

Irr  repeated];  sinking  and  drswiiiK  cnit  the  cjlinder,  or  still  a 
effectually,  by  first  wetting  it  with  alcotiol  and  then  dipping  tfie  ejiit 
ia  waKr. 

A  balloon,  made  of  cotton  cktb,  cannot  be  inflated  hj  means  of  m  i 
of  bellows,  bnt  if  the  halloon  is  wetted  with  water,  then  it  maj  be  n 
out  with  air  just  as  if  it  had  been  made  of  some  air-tight  mat 
hence  the  priaciple  of  vaniishine  ailk  or  filling  the  pores  with  boiled  oil, 
when  it  ia  required  in  the  manufacture  of  balloons. 

Biscuit  ware,  porous  tabes  for  voltaic  batteries,  alcaimias,  or  water 
coolers,  are  all  eiamplei  of  the  same  principle. 

Whilst  speaking  most  favourablr  of  the  henerotent  labours  of  tnanj 
gentlemen  ^bedmung  with  Mr.  dumej)  who  have  erected  "  Drinking 
Fountains"  in  London's  dusty  atmosphere  and  crowded  streets,  it  must 
not  be  forgotten  that  pious  liobammedans  hare,  in  bygone  times,  alieat^ 
set  us  the  example  in  this  respect;  and  in  tbe  palmj  daya  of  manr  of 
the  Moorish  cities,  the  thirsty  citiien  could  always  be  refreshed  bj  a 
dtau^ht  of  cool  water  from  the  porous  bottles  provided  and  cndovedDj 
duuitable  Mussulmans,  and  placed  in  the  pvbhe  streeta. 


DklM  md  poroiu  Mflhcainn 


CKTBULLiunox. 


particles  of  aubsl&aces  together,  whether  they  be  aaorphoia  or  shnpe- 
Icu,  cryttatluu  or  of  a  tegular  ajmrnctrical  and  mathematical  Cgiue. 


Fir.w.  CrrrtJdiori 


The  term  crystal  was  origimilh  applied  bj  the  andeiits  to  silica  in  the 
fonn  of  what  is  usually  termea  rock  cryslal,  or  Brariliao  pebble ;  and 
they  supposed  it  to  be  water  which  bad  been  soIidiGed  by  a  remarkabb 
intensity  of  cold,  and  coiUd  not  bo  thawed  by  any  ordinary  or  sur~ 
heat.     Indeed,  this  idea  of  the  ancients  has  been  embodied  (to  ■ 
extent)  in  the  shape  of  artificial  ice  made  by  ciystaUixins  lar 
tjties  of  sulphate  of  soda,  which  was  made  u  flat  as  possiUr 
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which  skaters  were  invited  to  describe  the  figure  of  eight,  at  the  usual 
admittance  fee,  representing  twelve  pence.  A  crystal  is  now  defined  to 
be  an  inorganic  body,  whicn,  b;^  the  operation  of  affinity,  has  assumed 
the  form  of  a  regular  solid  terminated  by  a  certain  number  of  planes  otr 
smooth  surfaces. 

Thousands  of  minerals  are  discovered  in  the  crystallized  state— such  as 
cubes  of  iron  pyrites  (sulphuret  of  iron)  and  of  fiuor  spar  (fluoride  of 
calcium),  whilst  numerous  saline  bodies  called  salts  are  sold  only  in  the  I 

form  of  crystals.    Of  these  salts  we  have  excellent  examples  in  Epsom  I 

salts  (sulphate  of  magnesia),  nitre  (nitrate  of  potash),  alum  (sulphate  of 
alumina),  and  potash ;  the  term  salt  being  applied  specially  to  all  sub- 
stances composed  of  an  acid  and  a  base,  as  also  to  other  combinations 
of  elements  which  may  or  may  not  take  a  crystalline  form.  Thus,  nite 
is  composed  of  nitric  acid  and  potash;  the  first,  even  when  much 
diluted,  rapidly  changes  paper,  dipped  in  tincture  of  litmus  and  stained 
blue,  to  a  red  colour,  whilst  potash  shows  its  alkaline  nature,  by  cha^gmg 

{)aper,  stained  yellow  with  tincture  of  turmeric,  to  a  leddish-brown.  The 
atter  paper  is  restored  to  its  original  yellow  by  dipping  it  into  the 
dilute  nitric  acid,  whilst  the  litmus  paper  regains  its  deucate  blue  colour 
by  being  passed  into  the  alkaline  solution.    An  acid  and  an  alkali  com- 
bme  and  form  a  neutral  salt,  such  as  nitre,  which  has  no  action  whatever 
on  litmus  or  turmeric;  whilst  the  element  iodine,  which  is  not  an  acid, 
unites  with  the  metallic  element  potassium,  and  therefore  not  an 
alkali,  and  forms  a  salt  that  crystallizes  in  cubes  called  iodide  of 
potassium.    Again,  cane  sugar,  wmch  is  composed  of  oharooaL  oxygen, 
and  hvdro^n/crvstallizes  m  hard  transpar^t  four-sided  and  irr^lar 
six-siaed  prisms,  but  is  not  called  a  salt.    Silica  or  sand  is  found  crystal- 
lized most  perfectlv  in  nature  in  six-sided  pyramids,  but  is  not  a  salt ; 
it  is  an  acid  termed  silicic-acid.    Sand  has  no  acid  taste,  because  it  is 
insoluble  in  water,  but  when  melted  in  a  crucible  with  an  alkali,  such  as 
potash,  it  forms  a  salt  called  silicate  of  potash.    Magnesia,  from  being 
insoluble,  or  nearly  so,  in  water,  is  all  but  tasteless,  and  has  barely  anj 
alkaline  reaction,  yet  it  is  a  very  strong  alkaline  base ;  20*7  parts  of  it 
neutralize  as  much  sulphuric  acid  as  47  of  potash.  A  salt  is  not  always  a 
crystallizable  substance,  and  vice  versa.    The  pro^;ress  of  our  chemical 
knowledge  has  therefore  demanded  a  wider  extension  and  application  of 
the  term  salt,  and  it  is  not  now  confined  merely  to  a  oombmation  of  an 
acid  and  an  idkali,  but  is  conferred  even  on  compounds  consisting  only 
of  sulphur  and  a  metal,  which  are  termed  sulphur  salts. 

So  also  in  combinations  of  chlorine,  iodme,  bromine,  and  fluorine, 
with  metallic  bodies,  neither  of  which  are  acid  or  alkaline,  the  term 
haloid  salts  has  been  applied  by  Berzeiius,  from  the  Greek  (oXr,  sea  salt, 
and  ccdof  form),  because  they  are  analo^us  in  constitution  to  sea  salt: 
and  the  mention  of  sea  salt  again  remino^  us  of  the  wide  signification  oi 
the  term  salt,  originally  confined  to  this  substance,  but  now  extended 
into  four  great  oraers,  as  defined  by  Turner  i-— 

Obder  I.  The  oxy-salts.^Tlm  order  includes  no  salt  the  acid  or 
base  of  wliich  is  not  an  oxidised  body  (ex.,  nitrate  of  potash). 


OBYSTAIUZATIOV.  75 

Okdeb  n.  TAe  fydro-salii. — ^This  order  inoiades  no  salt  the  acid  or 
base  of  which  does  not  contain  hydrogen  (ex.,  chloride  of  ammoninm). 

Obdeb  hi.  The  sulfhur  salts, — ^This  order  includes  no  salt  the 
dectro-positiye  or  negative  ingredient  of  which  is  not  a  snlphnret  (ex., 
hjdrosulphnret  of  potassium). 

OfiDER  lY.  The  haloid  salts. — ^This  order  includes  no  salt  the  electro- 
positive or  negative  ingredient  of  which  is  not  haloidal.  (Exs.,  iodide  of 
potassium  andsea  salt).  To  fix  the  idea  of  salt  still  better  in  the  youthful 
mind,  it  should  be  remembered  that  dabaster,  of  which  works  of  art  are 
constructed,  or  marble,  or  lime-stone,  or  chalk,  are  all  salts,  because  they 
consist  of  an  acid  and  a  base. 

In  order  to  cause  a  substance  to  or^tallize  it  is  first  necessary  to 
endow  the  ]^articles  with  freedom  of  motion.  There  are  many  methods 
of  doing  this  chemically  or  by  the  apjilication  of  heat,  but  we  cannot  by 
any  mecnanical  process  of  concentration,  compression,  or  division,  per- 
suade a  substance  to  crystallize,  unless  perhaps  we  except  that  remark- 
able change  in  wrought  or  fibrous  iron  into  crystalline  or  brittle  iron, 
by  constant  vibration,  as  in  the  axles  of  a  carriage,  or  by  attaching  a 
piece  of  fibrous  iron  to  a  tilt  hammer. 

If  we  powder  some  alum  crystals  they  will  not  again  assume  their 
czystalline  form ;  if  brought  in  contact  there  is  no  freedom  of  motion.  It 
is  like  placing  some  globules  of  mercury  on  a  plate.  Thev  have  no 
power  to  create  motion ;  their  inertia  keeps  them  separated  isj  certain 
distances,  and  they  do  not  coalesce ;  but  incline  the  plate,  cive  them 
motion,  and  bring  them  in  contact,  they  soon  unite  and  form  one 
globule.  The  panicles  of  alum  are  not  in  dose  contact,  and  they  have 
no  freedom  of  motion  unless  they  are  dissolved  in  water,  when  they 
become  invisible;  the  water  by  its  chemicd  power  destroys  the 
mechanicd  aggregation  of  the  solid  dum  far  beyond  any  operation  of 
levigation.  Ijie  solid  dum  has  become  liquid,  like  water ;  the  partides 
are  now  free  to  move  without  let  or  hindrance  from  friction.  A  solution, 
(from  the  Latin  soho,  to  loosen)  is  obtained.  The  dum  must  indeed  be 
reduced  to  minute  particles,  as  they  are  alike  invisible  to  the  eve 
whether  assisted  by  the  microscope  or  not.  No  repose  will  cause  tne 
dum  to  separate ;  the  solvent  power  of  the  water  opposes  gravitation ; 
every  part  of  the  solution  is  eaually  impregnated  with  dum,  and  the 
particles  are  diffused  at  equd  dbtances  through  the  water ;  the  heavy 
dum  is  actually  drawn  up  against  gravity  by  the  water. 

How,  then,  is  the  dum  to  be  brought  back  again  to  the  solid  state  P 
The  answer  is  simple  enough.  By  ev^orating  away  the  excess  of 
water,  either  by  the  application  of  heat  or  by  long  exposure  to  the 
atmosphere  in  a  very  shallow  vessel  the  minute  atoms  of  the  dum  are 
brougnt  closer  togetner,  and  crvstaUization  takes  place.  The  assumption 
of  the  solid  state  is  indicated  by  the  formation  of  a  thin  film  (caUed  a 
pellicle)  of  crystals,  and  is  further  and  still  more  satisfactorily  proved  by 
taking  out  a  drop  of  the  solution  and  placing  it  on  a  bit  of  glass,  which 
rapidly  becomes  filled  with  crystals  if  the  evaporation  has  been  carried 
sufficiently  far  (Fig.  87). 
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After  eT^Mrating  avay  soffioient  vster,  the  diah  is  plued  on  one 
gide  and  tlbwed  to  cool,  when  oiTBtals  of  the  atmost  rq;ularitj  of  fonn 
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dWMioiL  ■.FmuMliWUhiblloflirap-MitUa 
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are  produced,  and,  denoted  b^  a  geometrical  term,  are  called  octotiednl 
or  eigbt^ided  crjatals,  when  in  the  atmost  state  of  perfection  (Fig.  88). 

The  science  of  crTstallographj  is  too  elaborate  to  be  discussed  at 
length  in  a  work  of  tliis  kii^ ;  the  Tsrions  terms  connected  with  crystals 
will  therefore  oolj  be  explained,  and  experiments  ^ren  in  illustration  of 
the  formation  of  vaiioos  crvstals. 

When  the  apices — i.e.,  tne  tips  or  points  of  crystals — are  cut  off,  they 
are  said  to  be  truncated;  and  tlie  same  change  occura  on  the  edges  of 
nnmeions  cntstals. 

If  some  of  the  salt  called  chloride  of  caldum  in  the  An  and  amor- 
phous slate  is  exposed  to  the  air,  it  soon  absorbs  water,  or  wnat  is  termed 
deligtiaeei!  the  same  thing  occurs  with  the  crystals  of  caibonate 
of  potash,  and  if  four  ounces  are  weighed  out  in  an  evaporating  dish, 
and  then  exposed  for  about  half  an  hour  to  the  air,  a  ve^  pereeptibia 
increase  in  weight  is  observed  b;  the  assistance  of  the  scafes  and  grala 
weights.  DeUqueieenef  is  a  term  from  the  Latin  Jaiijtieo,  to  melt,  and 
is  in  fact  a  ^adual  melting,  caused  bT  the  absorption  of  water  from 
the  atmosphere.  The  reverse  of  this  is  illostrated  with  various  ctystals, 
such  as  Glauber's  salt  (sulphate  of  sodaj,  or  common  washing  sod* 
(carbonate  of  soda) ;  if  a  fine  clear  crystal  is  takea  oat  of  the  solution, 
called  tbe  mother  uqnor,  in  which  it  1ms  been  crystaUiied,  wiped  dry, 
and  phMsed  under  a  g^aas  shade,  this  salt  may  remain  for  a  long  period 
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without  change,  but  if  it  receive  one  scratch  from  a  pin,  the  door  is 
opened  apparentlv  for  the  escape  of  the  water  which  it  contains,  chemi- 
cally united  with  the  salt,  and  called  water  of  crystallization;  the 
white  crystal  fi;radually  swells  out,  the  little  quasi  sore  from  the  pin- 
scratch  sprea£  over  the  whole,  which  becomes  opaque,  and  crumbting 
down  falls  into  a  shapeless  maas  of  white  dust ;  this  change  is  called 
efflorescence,  from  eghreseo,  to  blow  as  a  flower  —  caused  by  the 
abstraction  from  them  of  chemically-combined  water  by  the  atmosohere. 
With  reference  to  the  preservation  of  crystals.  Professor  Griffiths  re- 
commends them  to  be  oiled  and  wiped,  and  placed  under  a  glass  shade, 
if  of  a  deliquescent  nature ;  or  if  efflorescent,  they  are  perfectly  pre- 
served by  placing  them  under  a  glass  shade  with  a  uttle  water  in  a  cup 
to  keep  the  air  diarged  with  moisture  and  prevent  any  drying  up  of  the 
crretal. 

Deliquescent  crystals  may  be  preserved  by  placing  them,  when  dry, 
in  naphtha,  or  any  liquor  in  which  they  are  penectly  insoluble.  Some 
salts,  like  Glauber*s  salts,  contain  so  much  water  of  crystallization  that 
when  subjected  to  heat  they  melt  and  dissolve  in  it,  and  this  liquefac- 
tion of  the  solid  crystal  is  called  "watery  fusion."  Other  salts,  such  as 
bay  salt,  chlorate  of  potash,  &c.,  when  heated,  fly  to  pieces,  with  a 
sharp  crackling  noise,  which  is  due  sometimes,  to  the  unequal  expansion 
of  the  crystallme  surface,  or  the  sudden  conversion  of  the  water  f  retained 
in  the  crystal  bv  capillaiy  attraction)  into  steam ;  thus  nitre  benaves  in 
this  manner,  ana  frequently  retains  water  in  capillary  fissures,  although 
it  is  an  anhydrous  salt,  or  salt  perfectly  free  from  combined  water.  The 
crackling  sound  is  called  deerepHation,  and  is  well  illustrated  hj 
throwing  a*  handful  of  bay  salt  on  a  dear  fire ;  but  this  property  is 
destroyed  by  powdering  the  crystals. 

Many  sulistances  when  melted  and  slowly  cooled  concrete  into  the  most 
perfect  crystals ;  in  these  cases  heat  alone,  the  anta^mst  to  cohesion, 
IS  the  solvent  power.  Thus,  if  bismuth  be  melted  m  a  crucible,  and 
when  cooling,  and  just  as  the  pellicle  (from  pellis,  a  skin  or  crust)  is 
forming  on  the  surface,  if  two  small  holes  are  instantly  made  by  a 
rod  of  iron  and  the  liquid  metal  poured  out  from  the  inside  (one  of  the 
holes  being  the  entrance  for  the  air,  the  other  the  exit  for  the  metal) ;  on 
carefully  breaking  the  crucible,  the  bismuth  is  found  to  be  crystallized 
in  the  most  lovdy  cubes.  Sulphur,  again,  may  be  crystallized  in  pris- 
matic crystals  b;r  pursuing  a  similar  plan;  and  the  CTcat  blocks  of 
spermaceti  exhibited  by  wax  chandlers  in  their  windows,  are  crys- 
tallized in  the  interior  and  prepared  on  the  same  principle. 

There  are  other  modes  of  conferring  the  crystalline  state  upon  sub- 
stances— viz.,  by  elevating  them  into  a  state  of  vapour  by  the  process 
called  sublimation  (from  suSlimis,  high  or  exalted),  the  Lifting  up  and 
condensation  of  the  vapour  in  the  upper  part  of  a  vessel ;   a  process 

Perfectly  distinct  from  that  of  distillation,  which  means  to  separate 
rop  by  drop.  Both  of  these  processes  are  very  ancient,  and  were  in- 
vented by  the  Arabian  alchemists  long  antecedent  to  the  seventh  centurv. 
ihuunples  of  sublimation  are  shown  by  heating  iodine,  and  especially 
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benzoio  add ;  with  the  Utter,  a  very  eleg&nt  imitation  of  snov  is  pro- 
dnced,  b;  recuTing  the  Tapour,  od  some  sprigs  of  ho%  or  other  evec- 

CD,  or  imilatioti  paper  bdow- 
13  and  crocnsee,  pbced  in  n 

tBatefol  loaimer  onder  a  gl*as 
Tessel.  The  benzeic  &cid  should 
£rst  be  sablimed  over  the  sprigs 
or  Rrtificial  flowers  in  «  gsa  jar, 
which  maj  be  removed  when  the 
whole  is  cold,  and  b  clear  ^asa 
shade  substituted  for  it.  (Tig.  89.) 
All  electro  deposits  on  metals 
are  more  or  less  crystalline ;  and 
copper  or  silver  ma;  be  deposited 
in  a  crjatalline  form  hy  j " 
a  scraped  stick  of  phospbo 
a  solution  of  sulphate  of  araier 
or  of  nitrate  of  silver.  The  pnos- 

Shonia  takes  awaj  the  oijgai 
■om  the  metal,  orideozidiiestbe 
solution,  and  the  copper  or  silver 
reappears  in  the  metallic  taaa. 
The  aurfaOB  of  the  phosphorua 
must  not  be  scrapedi  in  uie  air, 
I  but  under  water,  when  the  opera- 
,  tion  is  perfectly  safe. 

A  sin^^.nlar  and  almost  inataa- 
aibai    'b'  '^"*°°"    ctystaUiaation  can  be 
tb«  ™iiii"linip.B."  F.  Fioim  "or  iprilT.^  produced  by  saturating  boilmK 
nagcdonplMNotKnkaiiiiiiKiiiL  water   with    Gmnbers    salt,   of 

which  one  ounce  and  a  half  of 
water  will  nsuallj  dissolve  about  two  ounces ;  having  dime  this,  pour 
the  solution,  whilst  boiling  hot,  into  clean  oU  flasks,  or  vials  of  any 
kud,  previously  warmed  in  the  oven,  and  immediately  cot'k  them,  or  tie 
fltrips  of  wetted  bladder,  over  the  ori&ces  of  the  flasks  or  viala,  or  poor 
into  the  neck  a  small  quantity  of  olive  oil,  or  close  the  neck  with  a 
oork  through  which  a  thermometer  tube  has  been  passed.  When  cold, 
no  crystalliEation  occurs  until  atmospheric  air  is  admitted;  and  it  was 
formerly  believed  that  the  pressure  of  the  air  cSeeted  this  object,  unUl 
some  one  thought  of  the  oil,  and  now  the  theory  is  modififed,  and  oryslal- 
liiation  is  supposed  to  occur  in  consequence  of  the  water  diastuving 
some  air  which  oanses  the  deposit  of  a  minute  crystal,  and  this  being 
the  turning  point,  the  whole  becomes  solid.  However  the  fact  may  h« 
explained,  it  is  certain  that  when  the  liquid  refuses  to  crystallize  on  Um 
amnission  of  air,  the  solidifloation  occurs  directly  a  mmute  crysl*!  <£ 
snlphate  of  soda,  or  Glauber's  salt,  is  dropped  into  the  vesseL 

When  the  crystallization  b  accomplished,  the  whole  mass  is  nsuallr 
w  oomplctely  solidified,  that  on  inverting  the  vessel,  not  li  drop  of  liquid 
^la  out. 


lithS^wn. 
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B  maj  be  obsened  that  the  same  nuss  of  ult  will  ansvcr  «nj 
number  of  times  Uie  same  purpose.  All  that  ia  necessai;  to  be  done,  is 
to  place  the  vial  or  flask,  in  a  saacepac  of  warm  water,  and  graduaUy 
raise  it  to  the  boiling  point  till  the  soft  is  completely  liqaeGed,  when  the 
vessel  must  be  corked  and  secured  from  the  air  as  before.  When  the 
aoUdification  is  produced  much  heat  is  generated,  which  is  rendered 
apparent  b;  means  of  a  thermometer,  or  hv  the  insertion  of  a  copper 
wire  into  the  past;  mass  of  crfstol  ia  the  nask,  end  then  touching  an 
extremelj  thin  shaving  or  cuttiue  of  phosphoroa,  dried  and  placed  on 
cotton  wool  Solidi&attioQ  in  w  cases  produces  beat.  Liquefaction 
produces  cold. 

InMaaters's  freezing  apparatus  certain  measured  qnanlities  ofcrjstal- 
liied  sal-ammoniac,  mtre,  and  nitrate  of  ammonia,  are  pUced  in  a 
metallic  ejlinder,  sor- 
roonded  with  a  small 
qnantitj  of  spring  water 
contained  in  on  outer 
Tcssel.  Diiectlr  the  . 
crystals  are  liquefled  b;  | 
the  addition  of  water,  in- 
tense cold  is  produced, 
which  freezes  the  water 
and  fonns  an  exact  cast 
of  the  inner  cylinder  in 
ice,  and  this  may  after- 
wards be  removed,  by 
J;  away  the  lique- 
ts,  and  filling  the 
oner  cylinder,  with  water 
of  the  same  temperature 
as  the  air,  which  rapidly 
tbaws  the  surrounding  ^-  "■,  4- ■»•  ?^.'I??^J?!±,^±?^'J: 

,1,         ...       ,.0    freoiiur  mlitnn.    b>.  Tbib  oatcr  Ota  oootunbw  ncuw 
lOe,  and  allows  it  to  sup    wUaToo.Thtitt^tf^agHnjbtmlhtiimBcjlSia. 

off  into  any  convenient 

vessel  ready  to  recdve  it.  {Pig.  90.) 

For  an  ingenious  method  of  obtaining  large  and  perfect  crystals  of 
almost  any  sue,  experimentalists  are  indebted  to  Le  Blanc.  His  method 
consists  in  first  procoriog  small  and  perfect  crystals — say,  octohedis  of 
ilnin — and  then  placing  them  in  abroad  flat-bottomed  pan,  he  pours 
over  the  crystals  a  quantity  of  saturated  solution  of  alum,  obtained 
by  evaporating  a  solution  of  alum  until  a  drop  taken  out  crystallizes  on 
cooling.  The  positions  of  the  crystals  are  utered  at  least  once  a  day 
with  a  glass  rod,  so  that  all  the  faces  mav  be  alternately  eiposcd  to  the 
action  of  the  solution,  for  the  side  on  wnich  the  crysUl  rests,  or  is  in 
contact  with  the  vessel,  never  receives  any  increment.  The  crystals 
will  thus  gradually  grow  or  increase  in  size,  and  when  they  have  done  so 
for  some  time,  the  best  and  most  symmetrical,  may  be  removed  and 
placed  separately,  in  vessels  contaimng  some  of  the  same  tatnnted 


pouring  a 
fied  salts, 


80 


BOT  B  PIAYBOOK  OF  BCJBNCB. 


■olntion  of  itliun,  and  being  constantly  turned  the;  may  be  obtained  of 

almost  any  size  desired. 
Unless  the  crystala  are  removed  to  fresh  solutions,  a  reaction  takes 

8 lace,  in  comequence  of  the  eiliaustion  of  the  alam  from  the  water,  and 
be  ciTstal  is  attacked  and  dissolved.  This  action  is  first  perceptible  on 
the  edges  and  angles  of  the  ciystal ;  thej  become  blaated  and  graduaUj 
lose  their  shape  altogether.  Bj  this  method  crystals  may  be  made  to 
fjrmr  in  length  or  breadth — the  former  when  they  are  placed  upon  their 
udes,  the  latter  if  they  be  made  to  stand  upon  their  bases. 

On  Le  Blanc's  principle,  beautiful  crystal  baslccts  are  made  with  alum, 
sulphate  of  copper,  ana  bichromate  of  potash.  The  baskets  are  usually 
TnaaeofcOTerea  copper  wire,  and  when  the  salts  crystallize  on  them  as  a 
nucleus  or  centre,  thev  are  constantly  removed  to  fresh  solutions,  so 
that  the  whole  is  completely  covered,  and  red,  white,  and  blue  sparkUng 
ctjstal  baskets  formed.  They  will  retain  their  brilliancy  for  any  time, 
by  pUcing  tbem  under  a  glsds  shade,  with  a  cap  containing  a  little 
water. 

The  sketch  below  affords  an  eicellent  illustration  of  eonle  of  Nature's 
remarkable  concretions  in  the  peculiar  columnar  structure  of  basalt. 


Thebe  is  hardlj  any  kind  of  bnovledge  vliich  has  been  bo  slowly 
acquired  ea  ttaut  of  chemiatir,  and  perhaps  no  otber  science  has  offered 
such  fascinatbg  rcwarda  to  the  labour  of  its  votaries  as  ihe  piiloiopAer'i 
lioiu,  wliich  was  to  produce  an  unfailing  snpply  of  gold ;  or  Iht  elizir 
ofliji,  that  nas  to  give  the  diacoTcrer  of  the  gold-making  art  the  time, 
Uie  prolonged  life,  in  which  he  might  spend  and  enjoy  it. 

Hundreds  of  years  ago  Egypt  was  the  great  depository  of  all  learning, 
art,  and  science,  and  it  was  to  this  ancient  country  that  the  most  cele- 
brated sages  of  antiquity  travelled. 

Hermes,  or  Mercurius  Trismegistns,  the  faTourite  minister  of  the 
Egyptian  king  Osiris,  has  been  celebrated  as  the  inventor  of  the  art  o( 
alchemy,  and  the  first  treatise  upon  it  has  been  attributed  to  Zosymus, 
of  Cheinms  or  Fonopolia.    The  Moors  who  conquered  Spain  were  re- 
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markable  for  their  learning,  and  the  taste  and  elegance  with  which  they 
desired  and  carried  out  a  new  style  of  architecture,  with  its  lovely 
AraDesque  ornamentation.  They  were  likewise  great  followers  of  ^e 
art  of  alchemy,  when  they  ceased  to  be  conquerors,  and  became  more 
reconciled  to  the  arts  of  peace.  Strange  that  such  a  people,  thirsting 
as  they  did  in  after  years  for  all  kinds  of  knowledge,  should  have 
destroyed,  in  the  persons  of  their  ancestors,  the  most  numerous  collection 
of  books  that  tne  world  had  ever  seen :  the  magnificent  library  of 
Alexandria,  collected  by  the  Ptolemies  with  great  oiligence  and  at  an 
enormous  expense,  was  oumed  by  the  orders  of  Caliph  Omar;  whilst  it 
is  stated  that  the  alchemical  works  had  been  previously  destroyed  by 
Diocletian  in  the  fourth  century,  lest  the  Egyptians  should  acquire  by 
such  means  sufficient  wealth  to  withstand  the  Roman  power,  for  gold 
was  then,  as  it  is  now,  "the  sinews  of  war." 

Eastern  historians  relate  the  trouble  and  expense  incurred  by  the  suc- 
ceeding Caliphs,  who,  resigning  the  Saracemc  barbarism  of  their  an- 
cestors, were  glad  to  collect  from  all  parts  the  books  which  were  to 
furnish  forth  a  princely  librarv  at  Bagaad.  How  the  learned  scholar 
sighs  when  he  reads  of  seven  hundred  thousand  books  being  consigned 
to  the  ignominious  office  of  heating  fortv  thousand  baths  in  the  capital 
of  Egypt,  and  of  the  magnificent  Alexanarian  Library,  a  mental  fuel  for 
the  lamp  of  learning  in  all  ages,  consumed  in  bath  funiiaces,  and  affording 
six  months'  fuel  for  that  purpose.  The  Arabians,  however,  made  amends 
for  these  barbarous  deeds  in  succeeding  centuries,  and  when  all  Europe 
was  laid  waste  under  the  iron  rule  of  the  Goths,  they  became  the  pro- 
tectors of  philosophy  and  the  promoters  of  its  pursuits ;  and  thus  we 
come  to  the  seventh  century,  in  which  Greber,  an  Arabian  prince  Uved,  and 
is  stated  to  be  the  earliest  of  the  true  alchemists  whose  name  has  reached 
posterity. 

Without  attempting  to  fill  up  the  alchemical  liistory  of  the  intervening 
centuries,  we  leap  forward  six  nundred  years,  and  now  find  ourselves  in 
imagination  in  England,  with  the  learned  friar,  Bx)^er  fiacon,  a  native  of 
Somersetshire,  who  lived  about  the  middle  of  the  thirteenth  century ;  and 
although  the  continual  study  of  alchemy  had  not  yet  produced  the 
"  stone,"  it  bore  fruit  in  other  discoveries,  and  Koger  Bacon  is  said, 
with  great  appearance  of  truth,  to  have  discovered  gunpowder,  for  he 
says  in  one  ot  his  works :— "  From  saltpetre  and  other  ingredients  we 
are  able  to  form  a  fire  which  will  bum  to  any  distance/'  and  again 
alluding  to  its  effects,  "  a  small  portion  of  matter,  about  the  size  of  the 
thumb,  proferly  dupaaed,  will  make  a  tremendous  sound  and  corusca^ 
tion,  by  which  cities  and  armies  might  be  destroved."  The  exaggerated 
style  seems  to  have  been  a  favourite  one  with  all  philosopheore,  from  the 
timeof  Roger  Bacon  to  that  of  Muschenbroek  of  the  University  of  Ijejden, 
who  accidentally  discovered  the  Leyden  jar  in  the  year  1746,  ancl  re- 
ceiving the  first  shock,  from  a  vial  containing  a  little  water,  into  which 
a  cork  and  nail  had  been  fitted,  states  that  "  he  felt  himself  struck  in 
his  arms,  shoulders,  and  breast,  so  that  he  lost  his  breath,  and  was 
two  dayt  before  he  recovered  from  the  effects  of  the  blow  and  the 
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teiTor  ;*'  addingt  that  "  he  would  not  take  a  teeoud  shook  for  the  kingdom 
of  IVance."  Disregarding  the  numerous  alchemical  events  occurring 
firom  the  time  of  Eoger  &oon,  we  again  advance  four  hundred  years— 
▼iz.,  to  the  year  1662,  when,  on  the  15th  of  July,  King  Charles  II. 
granted  a  royal  charter  to  the  Philosophical  Society  of  Oxford,  who 
had  removed  to  London,  under  the  name  of  the  Boyal  Society  of  London 
for  Promoting  Natural  Knowledge,  and  in  the  year  1665  was  published 
the  first  number  of  the  PMlosopnical  Transactions ;  this  work  contains 
the  successive  discoveries  of  Mayow,  Hales,  Black,  Leslie,  Cayendish, 
Lavoisier,  Priestlev,  Davy,  Paraday ;  and  since  the  year  1762  has  been 
regularly  publishea  at  the  rat«  of  one  volume  per  annum.  With  this 
preface  proceed  we  now  to  discuss  some  of  the  varied  phenomena  of 
chemical  attraction,  or  what  ia  more  correctly  termed 

CHEMICAL  ARIKITT. 

The  above  title  refers  to  an  endless  series  of  changes  brought  about 
by  chemical  combinations,  all  of  which  can  be  reduced  to  cerUin  fixed 
laws,  and  admit  of  a  simple  classification  and  arrangement.  A  me- 
chanical aggregation,  however  well  arranged,  can  be  always  distinonushed 
firom  a  chemical  one.  Thus,  a  ffrain  of  gunpowder  consists  of  mtre^ 
which  can  be  washed  away  with  ooiling  water,  of  sulphur,  which  can  be 
sublimed  and  made  to  pass  away  as  vapour,  of  charcoal,  which  remains 
behind  after  the  previous  processes  are  complete;  this  mixture  haa 
been  perfected  by  a  careful  proportion  of  the  respective  ingredients,  it 
has  been  wetted,  and  ^una,  and  pressed,  granulated,  and  finally 
dried;  all  these  mechamcal  processes  have  been  so  well  carried  out 
that  each  grain,  if  analysed,  would  be  similar  to  the  other ;  and  yet  it 
is,  after  aU,  only  a  mechanical  aggregation,  beoanae  the  sulohur,  the 
charcoal,  and  the  nitre  are  unchanged.  A  grain  of  ^unpowaer  mois- 
tened, crushed,  and  examined  by  a  high  microscopic  power,  would 
indicate  the  yellow  particles  of  sulphur,  the  black  parts  of  charcoal, 
whilst  the  water  filtered  from  the  grain  of  powder  and  dried,  would 
show  the  nitre  by  the  form  of  the  crystal.  On  the  other  hand, 
if  some  nitre  is  fused  at  a  dull  red  heat  in  a  little  crucible,  and  two 
or  three  grains  of  sulphur  are  added,  they  are  rapidly  oxidized,  and 
combine  with  the  potash,  forming  sulphate  of  potash ;  and  after  this 
change  a  few  grains  of  charcoal  may  be  added  in  a  similar  manner,  when 
they  bum  bristly,  and  are  oxidized  and  converted  into  carbonic  acid,' 
which  also  umtes  in  like  manner  with  the  potash,  forming  carbonate  of 
potash;  so  that  when  the  fused  nitre  is  cooled  and  a  few  particles 
examined  by  the  microscope,  the  charcoal  and  sulphur  are  no  longer 
distinguishable,  they  have  undergone  a  chemical  combination  with 
portions  of  the  nitre,  and  have  produced  two  new  salts,  perfectly  dif- 
ferent in  taste,  gravity,  and  appearance  from  the  original  substances 
employed  to  pr^uce  them.  Hence  chemical  combination  is  defined 
to  be  "  that  property  which  is  possessed  by  one  or  more  substances^ 
cf  uniting  toygther  and  producing  a  third  or  other  body  perfectly  dif- 
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/erent  in  it$  nature  from  either  of  the  two  or  more  generating  the  nem 
compound'* 

To  return  to  our  first  experiment  with  the  gunpowder :  take  sulphur, 
place  some  in  an  iron  ladle,  heat  it  over  a  gas  flame  till  it  catches  fire,  then 
ascend  a  ladder,  and  pour  it  gently,  from  the  greatest  height  jou  can 
reach,  into  a  pail  of  warm  water :  if  this  experiment  is  performed  in  a 
darkened  room  a  magnificent  and  continuous  stream  of  fire  is  obtained, 
of  a  blue  colour,  without  a  sinde  break  in  its  whole  length,  proTided 
the  ladle  is  gradually  inclined  and  emptied.    The  substance  that  drops 
into  the  warm  water  is  no  longer  yellow  and  hard,  but  is  red,  soft,  and 
plastic :  it  is  still  sulphur,  though  it  has  taken  a  new  form,  because  that 
element  is  dimorphous  (dtp  twice,  and  iiop<tni  a  form),  and,  Proteus-like, 
can  assume  two  tonus.    Take  another  ladLe,  and  melt  some  nitre  in  it  at 
a  dull  red  heat,  then  add  a  small  quantity  of  sulphur,  which  will  bum  as 
before ;  and  now,  after  waiting  a  few  minutes,  repeat  the  same  experiment 
by  pouring  the  liquid  from  the  steps  through  the  air  into  water ;  observe 
it  no  longer  flames,  and  the  substance  received  into  the  water  is  not 
red  and  soft  and  plastic,  but  is  white,  or  nearly  so,  and  n4)idlj  dis- 
solves away  in  the  water.    The  sulphur  has  united  with  the  oxygen  of 
the  nitre  and  formed  sulphuric  acia,  which  combines  with  the  polhsh 
and  forms  sulphate  of  potash ;  here,  then,  oxvgen,  sulphur,  and  potas- 
sium, have  united  and  formed  a  salt  in  which  the  separate  properties 
of  the  three  bodies  have  completelv  disappeared ;  to  prove  this,  it  b 
only  necessary  to  dissolve  the  sulphate  of  potash  iu  water,  and  after 
filtering  the  solution,  or  allowing  it  to  settle,  till  it  becomes  quite  dear 
and  bright,  some  solution  of  baryta  mav  now  be  added,  when  a  white 
precipitate  is  thrown  down,  consisting  olsidphate  of  baryta,  which  is  in- 
soluble in  nitric  or  other  strong  acids.    The  behaviour  of  a  solution  of 
sulphate  of  potash  with  a  nitrate  of  baiyta  majr  now  be  contrasted  with 
that  of  the  elements  it  contains ;  on  the  addition  of  sulphur  to  a  solu- 
tion of  nitrate  of  baryta  no  change  whatever  takes  place,  because  the 
sulphur  is  perfectly  insoluble.    If  a  stream  of  oxygen  eas  is  passed  from 
a  bladder  and  jet  through  the  same  test,  no  effect  is  produced ;  the  nitrate 
of  baryta  has  already  acquired  its  full  proportion  of  oxygen,  and  no 
further  addition  has  any  power  to  change  its  nature ;  finally,  if  a  bit  of 
the  metal  potassium  is  placed  in  the  solution  of  nitrate  of  baryta  it  does 
not  sink,  being  lighter  tlian  water,  and  it  takes  fire ;  but  this  is  not  in 
any  way  connected  with  the  presence  of  the  test,  as  the  same  thing  will 
happen  if  another  bit  of  the  metal  is  placed  in  water— it  is  the  oxygen 
of  the  latter  which  unites  rapidly  witn  the  potassium,  and  causes  it  to 
become  so  hot  that  the  hydrogen,  escaping   around  the  littie  red-hot 
globules^  takes  fire ;  moreover,  the  fact  of  tne  combustion  of  the  potas- 
sium under  such  circumstances  is  another  striking  proof  of  the  opposite 
qualities  of  the  three  elements — sulphur,  oxygen,  and  potassium — ^as 
compared  with  the  three  chemically  combined  and  forming  sulphate  of 
potash.    The  same  kind  of  experiment  may  be  repeated  with  enarcoal ; 
if  some  powdered  charcoal  is  made  red-hot,  and  then  puffed  into  the  air 
with  a  blowing  machine,  numbers  of  sparks  are  produced,  and  the  char 
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ccal  hxams  awaj  and  forms  carbonic  acid  gas,  a  little  ash  being-  left 
behind;  but  if  some  more  nitre  be  heated  in  a  ladle,  and  charcoal 
added,  a  brilliant  deflagration  (defla(/ro,  to  bum)  occurs,  and  the  charcoal, 
instead  of  passing  away  in  tlie  air  as  carbonic  acid,  is  now  ret-ained  in 
the  same  shape,  but  firmly  and  chemically  united  with  the  potash  of  the 
nitre,  forming  carbonate  of  potash,  or  pearl-ash,  which  is  not  black  and 
insoluble  in  water  and  acias  like  charcoal,  but  is  white,  and  not  only 
soluble  in  water,  but  is  most  rapidly  attacked  by  acids  with  e£fer- 
vescence,  and  the  carbon  escapes  in  the  form  of  carbonic  acid  gas.  Thus 
we  ha?e  traced  out  the  distinction  between  mechanical  aggregation  and 
chemical  affinity,  taking  for  an  example  the  difference  between  gun- 
powder as  a  whole  (in  which  the  in^edients  are  so  nicely  balanced  that 
it  is  almost  a  chemical  combination),  and  its  constituents,  sulphur, 
charcoal,  and  nitre,  when  they  are  chemically  combined ;  or,  in  briefer 
language,  we  have  noticed  the  difference  between  the  mechanical  mix- 
ture, and  some  of  the  chemical  combinations,  of  three  important  elements. 
Our  very  slight  and  partial  examination  of  three  simple  bodies  does  not, 
however,  afford  us  any  deep  insight  into  the  principles  of  chemistry ;  we 
have,  as  it  were,  only  mastered  tne  signification  of  a  few  words  in  a  lan- 

fuage ;  we  might  know  that  chien  was  the  French  for  dog^  or  cAeval 
orse,  or  Aomme  man ;  but  that  knowledge  would  not  be  the  acquisition  of 
the  French  language,  because  we  must  first  know  the  alphabet,  and 
theiv  the  combination  of  these  letters  into  words ;  we  must  also  acquire 
a  knowledge  of  the  proper  arrangement  of  these  words  into  sentences, 
or  grammar,  both  syntax  and  prosody,  before  we  can  claim  to  be  a 
French  scholar :  so  it  is  with  chemistry — ^anv  number  of  isolated  experi- 
ments with  various  chemical  substances  would  be  comparatively  useless, 
and  therefore  the  "  alphabet  of  chemistry,"  or  "  table  of  simple  ele- 
ments," must  first  be  acauired.  These  bodies  are  understood  to  be 
solids,  fluids,  and  gases,  wnich  have  hitherto  defied  the  most  elaborate 
means  employed  to  reduce  them  into  more  than  one  kind  of  matter. 
Even  pure  light  is  separable  into  seven  parts  —  viz.,  red,  orange, 
yellow,  green,  blue,  inmgo,  and  violet;  but  the  elements  we  shall 
now  enumerate  are  not  of  a  compound,  but,  so  far  as  we  know,  of  an 
absolutely  simple  or  sinele  nature ;  thev  represent  the  boundaries,  not 
the  finality,  of  the  knowledge  that  may  be  acquired  respecting  them. 

The  elements  are  sixty-four  in  number,  of  which  about  forty  are 
tolerably  plentiful,  and  therefore  common ;  whilst  the  remainder,  twenty- 
four,  are  rare,  and  for  that  reason  of  a  lesser  utility :  whenever 
Nature  employs  an  element  on  a  grand  scale  it  may  certiunly  be  called 
common,  but  it  generally  works  for  the  common  good  of  all,  and  fulfils 
the  most  important  offices. 
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CLASSIPICATIOir  OP  THE  ALPHABET  OP  CHEHISI&T. 


14  Non-Metallie  Bodies. 


Name. 


;en 


1.  OxYjgei 

2.  Hj^drogen 

3.  Nitro^n  . 

4.  Chlorine  . 

5.  Iodine.    . 

6.  Bromine  . 

7.  Fluorine  . 


CombiniDg 

weight. 
=     16-0 


O 

H 

N 

CI 

I 

Br 

F 


1-0 
140 
35.5 
1270 
80-0 
190 


Name. 

8.  Carbon     . 

9.  Boron.    . 

10.  Sulphur   . 

11.  PhosphoruB 

12.  Silicon     . 

13.  Selenium . 

14.  Tellurium. 


OomUniiiff 

Symbol 

*  or  atomic 

weight 

c 

=    12-0 

B 

=     110 

S 

=    320 

P 

=    310 

Si 

=    28-5 

Se 

=    79-5 

Te 

=  1280 

50  Metah. 


1.  Aluminum 

2.  Antimony 

3.  Arsenic    . 

4.  Barium     . 

5.  Bismuth  • 

6.  Cadmium. 

7.  Calcium    . 

8.  CiBsium    . 

9.  Cerium    . 

10.  Chromium 

11.  Cobalt      . 

12.  Copper 

13.  Bid^mium 

14.  Erbium 

15.  Gallium    . 

16.  Gold    .    . 

17.  Glucinum. 

18.  Indium     . 

19.  Iron    .    . 

20.  Iridium    . 

21.  Lead   .    . 

22.  Lanthanum 

23.  Lithium  . 

24.  Magnesium 

25.  Manganese 


Al 

^s 

27-5 

Sb 

-^ 

1220 

As 

^s 

75-0 

Ba 

sz 

1370 

Bi 

^ 

2100 

Cd 

^= 

112-0 

Ca 

ZSSi 

40-0 

Cs 

^z 

1330 

Ce 

^z 

92-0 

Cr 

^^^ 

52*5 

Co 

""• 

58*8 

Cu 

ss 

63-5 

Di 

2^ 

96-0 

E 

—^ 

112-6 

Ga 

^z 

69-9 

Au 

zzz 

1967 

6 

zsz 

9-5 

In 

^z 

113-4 

Fe 

::= 

560 

Ir 

*"** 

1980 

Pb 

:^ 

207-0 

La 

.^_ 

92-0 

Li 

zsz 

70 

Mg 

!^Z 

24-0 

Mn 

z= 

550 

26.  Mercury  .  .  Hg  =  200-0 

27.  Molybdenum  Mo  ==    96-0 

28.  Nickel.    .  .  Ni  =    58-8 

29.  Niobium  .  .  Nb  =    97*6 

30.  Osmium  .  .  Os  =  199-0 

31.  Platinum.  .  Pt  =  197'4 

32.  Potassium  .  K  =    39-0 

33.  PaUadium  .  Pd  =  106*5 

34.  Ehodium  .  .  Rh  =  104*3 

35.  Rhuthenium .  Ru  =  104*4 

36.  Rubidium  .  Rb  =    85*4 

37.  Silver  .    .  .  Ag  =  108-0 

38.  Sodium     .  .  Na  =    23*0 

39.  Strontium  .  Sr  =    87'6 

40.  Tin      .    .  .  Sn  =  118-0 

41.  Tantalum.  .  Ta  =  182  0 

42.  Thallium  .  .  Tl  =  204-0 

43.  Thorium  .  .  Th  =  231-5 

44.  Titanium .  .  Ti  =    50-0 

45.  Tungsten.  .  W  =  184*0 

46.  Uranium  .  .  U  =  240*0 

47.  Vanadium  .  V  =    51*3 

48.  Yttrium    .  .  Y  =    617 

49.  Zinc     .     .  .  Zn  =    65*0 

50.  Zirconium  .  Zr  =    89*5 


A  fev  words  will  sufSoe  to  explain  the  meaning  of  the  terms  whidi 
head  the  names,  letters,  and  numbers  of  the  Table  of  Elements.    The 
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names  of  the  elements  have  very  interesting  deriTations.  which  it  is  not 
the  object  of  this  work  to  go  into;  the  symbols  are  abbreviations, 
ciphers  of  the  simplest  kind,  to  save  time  and  trouble  in  the  frequent  re- 
petition of  long  words,  just  as  the  signs  +  pins,  and  —  minus,  are  used 
in  algebraic  formnlc.  For  instance — ^the  constant  recurrence  of  water 
in  chemical  combinations  must  be  named,  and  would  involve  the  most 
tedious  repetition;  water  consists  of  oxygen  and  hydrogen,  and  bv 
taking  the  first  letter  of  each  word  we  have  an  instruetive  symbol,  whicu 
not  only  gives  ns  an  abbreviated  term  for  water,  but  also  imparts  at 
once  a  knowledge  of  its  composition  by  the  use  of  the  letters,  H^O. 

Again,  to  take  a  more  complex  example,  such  as  would  occur  in  the 
6tu(^  of  organic  chemistry— a  sentence  such  as  anAydroua  oxide  of 
iieetyl  is  written  at  once  bv  CfHeO,,  the  figures  referring  to  the 
number  of  equivalents  of  each  element — ^viz.,  4  equivalents  of  C,  the 
symbol  for  carbon,  6  of  H  (hydrogen),  and  3  of  O  (oxygen). 

The  long  word  Naphthylamine,  a  substance  contained  in  coal  tar,  is 
disposed  of  at  once  with  the  symbols  and  figures  CmH^N. 

The  figures  in  the  third  oolnmn  are,  how£ver,  the  most  interesting 
to  the  precise  and  mathematically  exact  chemist.  They  represent  the 
united  labours  of  the  most  painstaking  and  learned  chemists,  and  are 
the  exact  quantities  in  which  the  various  elements  unite.    To  quote  one 


water ;  but  if  16  parts  of  oxygen  and  3  parts  of  hydrogen  were  used, 
two  only  of  the  hitter  could  umte  with  the  former,  and  the  result  would 
be  the  formation  again  of  18  parts  of  water,  with  an  overplus  of  1 
equivalent  of  hydrogen. 

It  is  useless  to  multiply  examples,  and  it  is  sufficient  to  know  that 
with  thb  table  of  numbers  the  ngures  of  analysis  are  obtained.  Sup- 
posing a  substance  contained  54  parts  of  water,  and  the  oxygen  m 
this  had  to  be  determined,  the  rule  of  proportion  would  give  it  at  once, 
18  :  54  :  :  16  :  48.  18  parts  of  water  are  to  54  parts  as  16  of  oxygen 
(the  quantity  contained  in  18  parts  of  water)  are  to  the  answer 
required — viz.,  48  of  oxygen.  The  names,  symbols,  and  combining 
proportions  being  understood,  we  may  now  proceed  with  the  per- 
formance of  many  interesting 

CHEMICAL  EXPEBIMENTS. 

The  three  gases  which  head  the  list  will  first  engage  our  attention, 
beginning  with  the  element  oxygen — Symbol  O,  combining  proportion 
16.  There  is  nothing  can  give  a  better  idea  of  the  enormous  quantity 
of  oxygen  present  in  the  animal,  vegetable,  and  minerd  kingdoms, 
than  the  statement  that  it  represents  one-third  of  the  weight  of  the 
whole  crust  of  the  globe.  Silica,  or  flint,  contains  about  half  its  weight 
of  oxygen ;  lime  contains  forty  per  cent. ;  alumina  about  thirty-three 
per  cent.  In  these  substances  the  element  oxygen  remains  inactive  and 
powerless,  chained  by  the  strong  fetters  of  chemical  affinity  to  the 
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silicium  of  the  flint,  the  calcium  of  the  lime,  and  the  alaminmn  of  tbe 
alumina.  If  these  substances  are  heated  by  themselves  thej  will  not 
yield  up  the  large  quantity  of  oxygen  they  contain. 

Nature,  however,  is  prodigal  in  her  creation,  and  hence  we  hare  but 
to  pursue  our  search  diligently  to  find  a  substance  or  mineral  containing 
an  abundance  of  oxygen,  and  part  of  which  it  will  relinquish  bj  what 
used  to  be  called  by  the  **  old  alchemists"  the  torture  of  neat.  Such  a 
mineral  is  the  black  oxide  of  manganese,  or  more  correctly  the  binoxide 
of  manganese,  which  consists  of  one  combining  proportion  of  the  metal 
manganese — viz.,  55*0,  and  two  of  oxygen — viz.,  16  x  8  =  32.  If 
three  proportions  of  the  binoxide  of  manganese  are  heated  to  redness 
in  an  iron  retort,  they  yield  one  proportion  of  oxygen,  and  all  that  "has 
just  been  explained  by  so  many  words  is  comprenended  in  the  symboJs 
and  figures  oeiow : — 

3  MnOj  =  Mn,04  -f  0, 

Thus  the  3  MnOj  represent  the  three  proportions  of  the  binoxide  of 
manganese  before  heat  is  applied,  whilst  the  sign  =,  the  sign  of  equation 
(equal  to),  is  intended  to  show  that  the  elements  or  compounds  placed 
be/ore  it  produce  those  vrhich  follow  it ;  hence  the  sequel  MnjO^+O, 
shows  that  anothor  compound  of  the  metal  and  oxygen  is  prodaced, 
whilst  the  +  O,  indicates  the  liberated  oxygen  gas.  The  iron  retort 
employed  to  hold  the  mineral  should  be  made  of  cast  iron  in  prefereDce 
to  wrought  iron,  as  the  latter  is  very  soon  worn  out  by  contact  witii 
oxygen  at  a  red  heat.  A  gun-barrel  will  answer  the  purpose  for  an 
experiment  on  the  small  scale,  to  which  must  be  adapted  a  cock  and 
piece  of  pewter  tubing.  Such  a  make-shift  arrangement  may  do  veij 
well  when  nothing  better  offers ;  but  as  a  question  of  expense,  it  is 
probably  cheaper  m  the  end  to  order  of  Messrs.  Simpson  and  Maule,  tx 
of  Messrs.  Griffin,  or  of  Messrs.  Bolton,  a  cast-iron  bottle,  or  cast-iron 
retort,  as  it  is  termed,  of  a  size  sufficient  to  prepare  two  gallons  of 


Figr>  98. 1.  The  iron  bottle,  contalninff  i^e  black  oxido  of  muigtnete,  with  pipe  paninff  to 
the  pneumatic  trough,  b  b,  in  which  is  fixed  a  shelf,  c,  perforatM  with  a  hol^  under  w£3dl 
the  end  of  the  pipe  is  acUusted,  and  the  gat  passes  into  the  gaa-Jar,  s. 

oxyeen  from  the  binoxide  of  manganese,  which,  with  four  feet  of  iron 
conducting-pipei  and  connected  to  the  bottle  with  a  Bcrew,  does  not 
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cost  more  than  six  fihilliDgs — ao  enormous  dip,  perhaps,  in  the  juvenile 
pocket,  and  therefore  ve  shsll  indicate  preaenll;  a  still  cheaper  appa- 
ratus (ot  the  same  purpose.  (Fig.  93.) 

The  oxjgen  is  convened  to  a  sauare  tin  box  provided  vith  a  slielf  at 
one  end,  perforated  with  several  holes  at  least  one  iuch  in  diameter, 
called  the  pneumatic  trough;  an;  wooden  troui|;h,  butter  or  wash-tub, 
foot-pan  or  bath,  provided  with  a  shelf,  maj  be  raised  bj  the  same 
title  to  the  dignit;  of  a  piece  of  chemical  apparatus.  The  ^  jar  must 
be  filled  with  water  bj  withdrawing  the  stopper  and  pressing  it  down 
into  the  trough,  and  when  the  neck  is  below  toe  level  of  the  water,  the 
stopper  13  again  inserted,  and  the  jar  with  the  water  therein  contained 


L  pMQDUitla  tmagb.  wtth  gu  Jir  nlsed  la  dHlt;  bid>b1ta  of  ill 
.._..  .-.v._.._,.i.._.ij,^u_,^mj    „^  =._ 

lifted  steadilr  onto  the  shelf,theent;^of  atmospheric  air  being  prevented 
by  keeping  tne  lower  part  of  the  gasjar,  called  the  welt,  under  the  water. 


Sometimes  the  pneumatic  trough  contains  so  small  a  qnautitT  of  water 
that  on  raising  the  gaa  jar  to  the  shelf  the  liquid  does  not  cover  the  bottom, 
and  the  air  rushes  np  in  lai^  bnbblea.    Under  titese  circomstances  it 


is  better  to  provide  a  gallon  stone  jug  fall  of  water,  so  that  when  the 
jar  is  bein^  raised  to  the  shelf  it  ma^  do  thrust  into  tke  trough  (on  the 
aame  principle  as  the  cniw  and  the  pitcher  in  the  fable},  and  thus  bj  its 
bulk  (as  the  stoties  in  the  pitcher)  raise  the  water  to  tiie  proper  leveL 
When  the  gas  jar  is  about  half  fiUed  with  gas  the  ju^maj  be  withdrawn. 
This  arrangement  saves  the  trouble  of  constantly  aoding  and  baling  out 
water  from  the  pneumatic  trough.  (Fiz.  91.) 

There  are  other  solid  oijgemied  bcMies  in  which  the  affinities  are  less 
powerful,  and  hence  a  lower  degree  of  heat  suffices  to  liberate  the 
oiTgen  gas,  and  one  of  the  most  useful  in  this  respect  is  the  salt  termed 
chlorate  of  potash.  If  the  sobstance  is  heated  b;  itself,  the  temperature 
required  to  expel  the  oxjgen  is  almost  as  high  as  that  demanded  for 
the  block  oxide  of  manganese ;  but,  strange  to  saj,  if  the  two  substances 
are  reduced  to  powder,  and  mixed  in  eqiul  quantities  bj  weight,  then  a 
foj  moderate  increase  of  heat  i>  snmcient  to  cause  the  cMonte  of 


90  sot's  FLAIBOOK  OF 

poUili  to  giTe  np  iU  oijgen,  whilst  the  onie  of  n     „ 

no  ctftnge  whatever.  It  aeemB  tofnlfiionly  amechsmcal  o: ^ ^ 

tlwt  of  KpRratiog  Mcb  particle  of  chlorate  of  potash  from  the  otbo;  m 
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that  the  heat  attaelu  the  aabetaooe  in  detail,  just  u  a  solid  sgoara  ft 
infantrt  dight  repel  almost  any  attack,  whilst  the  same  body  disposed 
o*er  a  Urge  space  mif^bt  be  of  uttle  use ;  so  with  the  chlorate  of  potnh, 
which  unaergoes  rapid  decomposition  when  miied  with  and  divitU 
amongst  the  particles  of  the  oxide  of  manganese ;  less  so  with  the  red 
oxide  of  iron,  and  still  less  with  sand  or  bnck-dost.  (Fig.  95.) 

This  carious  fact  is  explained  asoall;  b;  reference  to  what  is  cttUed 
oatal jlio  action,  or  decompotilion  iv  ceiUaet  (earn,  downwards,  and  Xvm,  I 
unloosen),  Ma^  apotctrpouetiedbjiadoify  o/retoltinff  anotHeriMioamtm 
tompaand  itUiaKt  imderyouiff  anj  eian/e  ittelf.  To  make  this  tarn  gtiD 
elewer,  we  maj  notice  another  example  in  Imen  rags,  wbich  maj  be 
esposed  for  an;  length  of  time  to  the  action  of  water  without  fear  cf 
eonversion  into  sngar ;  if,  however,  oil  of  vitriol  is  fint  added  to  tlw 
linen  rags,  and  Uict  are  subsequent);  digested  at  a  proper  tempentnre 
with  water,  tlien  the  rags  are  converted  into  sugar  (the  author  has  aeca 
a  specimen  made  of  an  "  old  shirt") :  but,  curious  to  relate,  the  nil  of 
ntriolisunchangcdin  theprocess.anaif  the  process  be  oommenoedwitha 
pound  of  acid,  the  same  quantity  is  discoTerable  at  the  end  of  the  chemical 
oecomposilion  of  the  linen  rags,  and  their  eonyenion  into  sngar. 

If  a  mixture  of  equal  parts  of  oxide  of  manganese  and  chkitate  of 
potash  is  placed  b  a  clean  Florence  flask,  with  a  cork,  and  pewter,  cr 
irlaES  tube  attached,  great  quantiliea  of  oxygen  are  quidily  Uberate<t  tn 
U»e  application  of  the  heat  of  a  spirit  lamp.  Such  a  retort  would  eoat 
^ut  KinTpence,  and  if  the  flask  is  broken  in  the  opoation  it  on  be 
easilj  replaced  b^  another,  ralue  one  pennj,  as  the  same  eoA  and  tuba 
will  geMiaU;  suit  a  number  of  these  obMp  giaa*  Ttaseli.    Coika  aaj 
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ahrays  be  softeiied  by  naiDg  either  a  proper  cork  sqiieezer,  or  by 

them  under  a  piece  of  boara  or  a  flat  siurfaoe,  and  rolling  and  pressing 

the  cork  till  ^ uite  elastic. 

Whilst  fitting  the  lattcor  into  the  neck  of  a  flask,  it  is  perhaps  safer 
to  hold  the  thin  and  frajs^  Tessel  in  a  doth,  so  that  if  the  flask  breaks 
the  chemical  experiment  may  not  be  arrested  for  many  days  by  the 
severe  catting  and  wounding  of  the  fingers.  After  the  cork  is  fitted,  it 
is  to  be  removed  from  Uie  fiask  and  bored  with  a  cork  borer.  This 
useful  tool  is  sold  in  complete  sets  to  suit  all  sizes  of  g:lass  tubes,  and 
the  pewter  or  elass  behag  mserted,  the  flask  and  tube  will  be  ready  for 
use,  provided  tne  tube  is  bent  to  the  proper  curve.  This  is  easv  enoiu^ 
to  perform  with  the  pewter,  but  not  auite  so  easy  with  the  glass  tube, 
which  must  be  held  over  the  flame  ot  a  spirit  lunp  till  soft,  and  then 


Flf.96.  A.  Tht  oork  fqaeeser.  B.  The  oork  boren.  o.  The  operation  of  bendlnf  tke 
gleMtabeo¥ertheflenwoftheipiilt*laiDp.  ».  The  neA  of  the  ilHk,wttli  cork  ead  tube 
bent  end  fitted  complete  tu  nee. 

bent  very  gradually  to  the  proper  curve.  If  a  short  length  of  the  ghiss 
tube  is  heated,  it  bends  too  sharply,  and  the  convexity  of  the  glass  is 
flattened,  whUst  the  internal  diameter  of  the  tube  is  lessened,  so  that  at 
least  three  inches  in  length  should  be  warmed,  and  the  heat  must  not 
be  continued  in  one  pbce  only,  but  should  be  maintained  in  the  direc- 
tion of  the  bend,  the  whole  manipulation  being  conducted  without  any 
hurry.  (Fig.  96.) 

Having  filled  a  gas  jiur  with  oxygen,  it  may  be  removed  from  the 
pneumatic  trough  by  sliding  it  into  a  plate  under  the  surface  of  the 
water,  and  to  prevent  the  stopper  being  thrust  out  accidentally  from  the 
jar  by  the  upward  pressure  ot  the  gas,  whilst  a  little  compressed,  during 
the  act  of  passine  it  into  the  plate,  it  is  advisable  to  hold  the  stopper 
of  the  jar  firmly  out  gently,  so  that  it  cannot  slip  out  of  its  place.  A 
number  of  jars  of  oxygen  may  be  prepared  and  arranged  in  plates,  all  of 
which  of  course  must  contain  a  little  water,  and  enough  to  cover  the 
welt  of  the  jar. 
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EXFEILIMENTS  WITH  OXTOEN  GAS. 

This  gas  was  originally  discovered  by  Priestley,  in  Augast,  17 H,  ind 
was  first  obtained  by  nesting  red  precipitate — Le,,  the  red  oxide  of 
mercury. 

2  HgO=Hg,+0, 

We  leave  these  symbols  and  figures  to  be  deciphered  bv  the  joaihral 
philosopher  with  the  aid  of  the  table  of  elements,  &c.,  and  return  to  the 
experiments. 

There  are  certain  thin  wax  tapers  like  waxed  cord,  called  boogies, 
which  can  be  bent  to  any  shape,  and  are  very  convenient  for  experiments 

with  the  gases.    If  one  of  these  tapers  is  bent  as 
in  rig.  97,  then  lighted  and  allowed  to  bam  for 
some  minutes,  a  long  snuff  is  ^raduallj  formed, 
which  remains  in  a  state  of  ignition  when  the  flame 
of  the  taper  is  blown  out.   On  plunging  this  into 
a  jar  of  oxygen,  it  instantly  re-lights  with  a  sort 
of  report,  and  oums  with  greatly  increased  bril- 
liancy; as  described  by  Dr.  Priestley  in  his  first 
experiment  with  this  ^,and  so  elegantly  repeated 
by  Professor  Brande  in  his  refined  dissertation  on 
tEe  progress  of  chemical  science. 
"  The  1st  of  August,  1774,  is  a  red-Utter  d^'m 
^  the  annals  of  chemical  philosophv,  for  it  was  then 
^  that  Dr.  Priestley  discovered depnlogisticated*air. 
Some,  sporting  m  the  sunshine  of  rhetorie*  have 
called  this  the  birthday  of  pneumatic  chemistry; 
Flir*  ^*  but  it  was  even  a  more  marked  and  memorable 

period ;  it  was  then  (to  pursue  the  metaphor)  that 
this  branch  of  science,  having  eked  out  a  sick!  v  and  infirm  infan<7  in 


expected  marks  of  future  importance.  The  first  experiment, 
which  led  to  a  very  satisfactorv  result,  was  concluded  as  follows: — 
A  glass  jar  was  filled  with  quicksilver,  and  inserted  in  a  basin  of  the 
same;  some  red  precipitate  of  quicksilver  was  then  introduced,  and 
floated  upon  the  quicksilver  in  the  jar ;  heat  was  applied  to  it  in  this 
situation  with  a  burning-lens,  and  to  use  Priestley's  own  words,  /  frt- 
senih/  found  that  air  was  expelled  from  it  very  readily.  Hating  gtd 
about  three  or  four  times  as  much  as  the  bulk  of  my  materials,  I  ad- 
mitted water  into  it,  and  found  that  it  was  not  imbibed  by  it.  But 
what  surprised  me  more  than  I  can  well  express  was,  that  a  etasdie 
burned  in  this  air  with  a  remarkably  vigorous  flame^  very  much  Wee  that 
enlarged  flame  with  which  a  candle  bums  in  nitrous  air  exposed  to  iron 
or  lime  <f  sulphur  (t.^.,  laughing  gas) ;  but  as  I  had  got  nothing  lihe 
this  remarkable  appearance  from  any  kind  of  air  besides  this  p^atiiar 

*  From  FhlogUton,  a  word  Bignifying  the  principle  of  inflammability . 
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te  of  which  vill  a 


ite  disoovei^ ;  and  if  this  honour 

is  denied  him,  _Burel  j  he  has  de-      p^.  „,   ^  qim.  t.-«1  Ml  of  nareny. «». 

MrvedequUaCientmcgLorj mills   t>lnliiatliandpRoiplUt«itthetap,uid  lUod- 

masterlj  eiperimenta,  IhroDgh  JngtolhedUh.,  J»<™ui>iiBgm8rmrj.  c.Th. 

which  he   ducoTered  tbAt  the   »d  pndplut^  being  Piiotlej't  ortgtul  »perl- 

mixture  of  fortj-two  parts  by   ™«"'- 

measure  of  azote,  with  eight  parts  b;  measure  of  oxygen,  produced  a 

oouipoood  precisely   resemhlitiR  our  atmosphere.     ""'  '        '' 

oxygen  was  founded  on  a  series  of  experiments,  c 

be  mentioned. 

Place  some  sulphur  in  a  little  copper  ladle 
attach^  to  a  vire,  and  called  a  deflagrating 
spoon,  passed  through  a  round  piece  of  zmc 
or  brass  plBt«  and  cork,  so  that  the  latter 
acts  as  an  adjusting  arrangement  lo  fix  the 
wire  at  any  point  required.  The  oonibns- 
tion  of  the  sulphur,  previously  feeble,  nov 
assumes  a  remarkable  intensity,  aod  a  pecn- 
liar  coloured  light  is  generated,  whilst  the 
sulphur  unites  with  the  oxygen,  and  forms 
tmlpbuioDs  acid  gas.  It  produces,  in  fact, 
the  same  gas  which  is  formed  by  burning  an 
ordinary  sulphur  match.  This  compound  ia 
valuable  as  a  disinfectant,  and  is  a  very  im- 
portant bleachine  agent,  being  most  eiten- 
sively  employed  in  the  whitening  of  straw 
employed  lo  the  mBnnfactnre  of  straw  bon- 
nets.  It  is  an  acid  gas,  as  Lavoisier  found, 
and  this  property  may  be  detected  bj  pour- 
ing a  little  tincture  of  litmus  into  the  bot-  JfJ^orbraioriinpiM*.  bb. 
torn  of  the  plate  in  which  the  gas  jar  stands,  ibe  guju. 
The  blue  coloor  of  the  litmus  is  rapidly 

clianged  to  t«d,  and  it  might  be  thought  that  no  further  ar^^ment 
could  possibly  be  required  to  prove  that  oxygen  was  tie  acidifying 
■gen  t,Uiemore  particularly  as  the  result  is  thestunein  the  next  illustntioB. 


Plg.M. 


The  defUgntlng 
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TlUrd  Experiment. 

Gat  a  small  piece  from  an  ordinary  stick  of  phosphorus  under 
water,  take  care  to  dry  it  properly  with  a  cloth,  and  after  pladne  it 
in  a  deflagrating  spoon,  remove  the  stopper  from  the  gas-jar,-  as  there 
18  no  fear  of  the  oxygen  mshing  away,  oecanse  it  is  somewhat  heavier 
than  atmospheric  air ;  and  then,  after  placing  the  spoon  with  the  phos- 
phorus in  tne  neck  of  the  jar,  apply  a  heated  wire  and  pass  the  spoon 
at  once  into  the  middle  of  the  oxygen;  in  a  few  seconds  a  most 
brilliant  light  is  obtained,  and  the  jar  is  filled  with  a  white  smoke ; 
as  this  subsides,  being  phosphoric  acid,  and  perfectly  soluble  in  water, 
the  same  litmus  test  may  be  applied,  when  it  is  in  like  manner 
changed  to  red.  The  add  obtained  is  one  of  the  most  important  con* 
stituents  of  bone. 

Fowtk  Erperimeni, 

A  bit  of  bark-charcoal  bound  round  with  wire  is  set  on  fire  either 
by  holding  it  in  the  flame  of  a  spirit-lamp,  or  by  attaching  a  small  piece 
(U  waxed  cotton  to  the  lower  part,  and  igniting  this ;  the  charcoal  may  then 
be  inserted  into  a  bottle  of  oxygen,  when  the  most  brilliant  scintilla- 
tions occur.  After  the  combustion  has  ceased  and  the  whole  is  cool, 
a  little  tincture  of  litmus  may  also  be  noured  in  and  shaken  aboat» 
when  it  likewise  turns  red,  proving  for  tne  third  time  the  generation 
of  an  acid  body,  called  carbonic  acid — an  acid,  like  the  others  already 
mentioned,  of  great  value,  and  one  which  Nature  employs  on 'a  stu- 
pendous scale  as  a  means  of  providing  plants,  &c.,  with  solid  char- 
coal. Carbonic  acid,  a  virulent  poison  to  animal  life,  is,  when  properly 
diluted,  and  as  contained  in  atmospheric  air,  one  of  the  chief  alunen- 
tarv  bodies  required  by  growing  and  healthy  plants. 

In  three  experiments  acid  bodies  have  been  obtained ;  can  we  specu- 
late on  the  result  of  the  next  ? 

Fifth  Experiment, 

Into  a  deflagrating  spoon  place  a  bit  of  potassium,  set  this  on  fire 
by  holding  it  in  the  spoon  in  the  flame  of  a  spirit-himp,  and  then  rapidly 
plunge  the  burning  metal  into  a  bottle  of  oxygen.  A  brilliant  ignition 
occurs  in  the  deflagrating  spoon  for  a  few  seconds,  and  there  is  little  or  no 
smoke  in  the  jar.  The  product  this  time  b  a  solid,  called  potash, 
and  if  this  be  dissolved  in  water  and  filtered,  it  is  found  to  be  clear 
and  bright,  and  now  on  the  addition  of  a  little  tincture  of  litmus  to 
one  half  of  the  solution,  it  is  wholly  unaffected,  and  remains  blue; 
but  if  with  the  other  half  a  small  quantity  of  tincture  of  turmeric  is 
mixed,  it  immediately  changes  from  a  bright  yellow  solution  to  a 
reddish-brown,  because  turmeric  is  one  of  the  tests  for  an  alkali ;  and 
thus  is  ascertained  by  the  help  of  this  and  other  tests  that  the  result 
of  the  combustion  is  not  an  acid,  but  an  alkali.  The  experiment 
is  made  still  more  satisfactory  by  burning  another  bit  of  potassium 
in  oxygen  and  dissolving  tlie  product  in  water,  and  if  any  portion  of 
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tiie  reddened  liquid  derived  horn  the  sulphuxom,  phospliorie^  and  car* 
bonic  acids  taken  from  the  previons  experiments,  be  added  to  separate 
portions  of  the  alkaline  solution,  they  are  all  restored  to  their  original  blue 
ooloiir,  because  an  acid  is  neutralizea  hj  an  alkali ;  and  the  experiment  is 
made  quite  oonclnsive  by  the  restoration  of  the  reddened  turmeric  to  a 
bright  yellow  on  the  aadition  of  a  solution  of  either  of  the  three  aoida 
already  named.  Moreover,  an  acid  need  not  contain  a  fraction  of 
oxygen,  as  there  is  a  numerous  class  of  Aydiseida,  in  which  the  acidi- 
^n^  principle  is  hydrogen  instead  of  oxygen,  such  as  the  hydroohlorio> 
hydnooic,  hydio-bromic,  and  hydrofluoric  adds. 

Sixik  Esppmmeni, 

A  pMce  of  watch-spring  is  softened  at  one  end,  by  holding  it  in  the 
fiame  of  a  spirit-lamp,  ana  allowing  it  to  cool.  A  bit  of  waxed  cotton 
is  then  bound  round  the  softened  end,  and  after  beii^  set  on  fire,  is 
plunged  into  a  gas  jar  containing  oxygen;  the  cotton  first  bums  away, 
and  then  the  heat  communicates  to  the  steel,  which  gradually  takes  fire, 
and  being  once  well  ignited,  continues  to  bum  with  amazingrapidity,  form- 
ing drops  of  liquid  dross,  which  fall  to  the  bottom  of  the  plate-^nd  also 
a  reddish  smoke,  which  condenses  on  tJie  sides  of  the  jar ;  neither  the 
dross  which  has  dropped  into  the  plate,  nor  the  reddish  matter  condensed 
on  the  jar,  will  affect  either  tincture  of  litmus  or  turmeric ;  they  are 
neither  acid  nor  alkaline,  but  neutral  compounds  of  iron,  called  the 
aesquioxide  of  iron  (Fe^O,),  and  the  magnetic  oxide  (Fe^^OJ. 

Seventh  BxperimetU, 

Some  oxygen  gas  contained  in  a  bkdder  provided  with  a  proper 
jet  may  be  squeezed  out,  and  upon,  some  liquid  phosphorus  con- 


Fig.  100.  1.  Bladder  containing  oxygen,  prorlded  with  s  atop-eoek  and  Jet  leading  to» 
B,  B.  Finger  glass  containing  boiling  water,  o.  The  cap  of  melted  phosphonu  under  the 
water.    The  gaa  escapes  from  the  bladder  when  pressed. 

tained  in  a  cup  at  the  bottom  of  a  finger  glass  full  of  boiling  water, 
when  a  most  brilliant  combustion  occurs,  proving  that  so  long  as  the 
principle  is  complied  with — viz.,  that  of  furnishing  oxygen  to  a  com- 
oustible  substance — it  will  bum  under  water,  providea  it  is  insoluble, 
and  possesses  the  remarkable  affinity  for  oxygen  which  belongs  to 
phosphorus.  The  experiment  should  oe  performed  with  boiling  water, 
to  keep  the  phosphorus  in  the  liquid  state ;  and  it  is  quite  as  well  to  hold 
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a  square  foot  of  wii 
ia  being  perfonned. 


ir  the  fioger  glass  irbibt  the  operiment 
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Eighth  Experimait. 
Oijgeii  is  available  from  maiij  aQbstancea  when  thtj  are  nixed  irith 
combnstible  Bubstances,  and  hence  the  brilliant  effects  produced  br 
burning  a  mixture  of  nitre,  meal  powder,  sulpbnr,  and  iron  or  steel 
filings ;  the  tnetal  bums  with  great  brillioncj,  aai  is  projected  from  the 
case  in  most  beautiful  sparla,  which  are  long  and  Deedle-shaped  with 
steel,  and  in  the  form  of  miniature  rosettes  with  iron  filings ;  it  ia  the 
oiTgen  from  the  nitre  that  causes  the  combustion  of  the  metal,  the 
other  in^p^ents  only  accelerate  the  heat  and  rate  of  ignition  of  tka 
briUianl  iron,  which  b  tuuall;  termed  a  gerb. 


Nimth  ExperiMtrnt. 

A  miitnre  of  nitrate  of  potash,  powdered 
charcoal,  sulphur,  and  nitrate  of  strontium, 
driven  iuto  a  strong  paper  case  aboDt  two 
inches  long,  and  well  closed  at  the  end  with 
varnish,  being  quite  waterproof,  maj  be  set  on 
fire,  and  will  continue  to  burn  under  water 
antil  the  whole  is  consumed;  the  onlj  prccan- 
tioo  necessary  being  to  bom  the  composition 
from  the  case  with  the  mouth  downward,  and 
if  the  experiment  is  tried  in  a  deep  glass  jar  it 
has  a  ve^  pleasing  effect.  (Fig.  101.) 

The  red-fire  composition  is  made  bj  mixing 
nitrate  of  strontia  40  parts  by  weight,  flowers 
of  sulphur  13  parts,  chlorate  of  potash  5  parts, 
solphurct  of  antimony  i  parts.  These  rngre- 
dients  must  first  be  well  powdered  separately, 
and  then  mixed  carefully  on  a  sheet  of  pap» 
with  a  paper-knife.  They  are  liable  to  explode 
if  rubbed  logelher  in  a  mortar,  on  account  of 
the  presence  of  sulphur  and  chlorate  of  potash, 
and  the  composition,  if  kept  for  any  tune,  ia 
liable  to  take  fire  spontAocoasly. 


Tenth  Expenmeat. 

Some  zinc  is  melted  in  an  iron  ladle,  and  made  qnite  red  hot;  it  a 
little  dry  nitre  is  thrown  upon  the  surface,  and  gently  stirred  into  the 
metal,  it  takes  fire  with  the  production  of  an  inteose  white  light,  whilst 
large  quantities  of  white  flakes  ascend,  and  again  descend  when  cold, 
being  the  oxide  of  zinc,  and  called  by  the  alchemists  the  "  Philosopher's 
Wool''  (ZnO).  Iq  this  experiment  the  oxygen  from  the  nitre  effects 
the  oxidation  of  Ihe  melol  zinc  ' 
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Eleventh  Experiment, 

A  mixture  of  four  pounds  of  nitre  with  two  of  sulphur  and  one  and 
a  half  of  lamp  black  produces  a  most  beautiful  and  curious  fire,  con- 
tinually projected  into  the  air  as  sparks  havinf^  the  shape  of  the  rowel 
of  a  spur,  and  one  that  may  be  burnt  with  perfect  safety  in  a  room,  as 
the  sparks  consume  away  so  rapidly,  inconsequence  of  the  flnelv  divided 
condition  of  the  charcoal,  that  they  may  be  received  on  a  hanokerchief 
or  the  hand  without  burning  them.  The  difficulty  consists  in  effecting  the 
complete  mixture  of  the  charcoal.  The  other  two  in^edients  must 
first  be  tliorouehly  powdered  separately,  and  again  triturated  wlicn 
mixed,  and  finely  the  charcoal  must  be  rubbed  in  carefully,  till  the 
whole  is  of  a  uniform  tint  of  grey  and  very  nearly  black,  and  as  the 
mixture  proceeds  portions  must  be  rammed  into  a  paper  case,  and  set 
on  fire ;  if  the  stars  or  pinks  come  out  in  clusters,  and  spread  well 
without  other  and  duller  sparks,  it  is  a  sign  that  the  whole  is  well 
mixed;  but  if  the  sparks  are  accompanied  with  dross,  and  are  pro- 
jected out  sluggishly,  and  take  some  time  to  bum,  the  mixture  and 
rubbing  in  the  mortar  must  be  continued ;  and  even  that  must  not  be 
carriea  too  far,  or  the  sparks  will  be  too  sutall.  N.B. — If  the  lamp-black 
was  heated  red  hot  in  a  close  vessel,  it  would  probably  answer  better 
when  cold  and  powdered. 

Twelfth  Experiment, 

Into  a  tall  gas  jar  with  a  wide  neck  project  some  red-hot  lamp-black 
through  a  tin  funnel,  when  a  most  brilliant  flame-like  fire  is  obtained, 
showing  that  finely  divided  charcoal  with  pure  oxygen  would  be  suf- 
ficient to  afford  light;  but  as  the  atmosphere  consists  of  oxygen 
diluted  with  nitrogen,  compounds  of  charcoal  with  hydrogen,  are  the 
proper  bodies  to  burn,  to  produce  artificial  light. 

Thirteenth  Experiment.    The  Budc 
Light, 

This  pretty  light  is  obtained  by  pass 
ing  a  steady  current  of  oxygen  gas  (es- 
caping at  a  very  low  pressure)  tlirough 
and  up  the  centre  pipe  of  an  argand  oil 
lamp,  which  must  be  supplied  with  a 
highly  carbonized  oil  and  a  very  thick 
wick,  as  the  oxygen  has  a  tendency  to 
bum  away  the  cotton  unless  the  oil  is 
well  supplied,  and  allowed  to  overflow 
the  wicK,  as  it  does  in  the  lamps  of  the 
lighthouses.  The  best  whale  oil  is 
usually  employed,  though  it  would  be 
worth  while  to  test  the  value  of  Price's 
"Belmontine  Oil"  for  the  same  pur- 
pose. (Fig.  102.) 


n 


Flff.  103.  A..  BMerroirofoQ.  b.  TbA 
flcxlDlepipe  conTejing  ozjgento  c«itre 
of  the  argand  lamp. 
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FamieeMlk  EaeperimeMt.    A  Red  Lighi, 

dear  out  the  <h1  thonnighly  from  the  Bade  light  ^pustiis ;  or,  vhat 
IS  better,  hare  two  lampe,  one  for  oil,  and  the  other  for  smrit ;  fill  the 
f^pfMistns  with  a  solution  of  nitrate  of  strontia  and  chloiiae  of  caldnm 
in  apirita  of  wine,  and  let  it  bum  from  the  cotton  in  the  same  waj  as 
the  oil,  and  supply  it  with  oxygen  gas. 

FiJteaUk  Experimeut,    A  Green  Ugki. 

Disaolve  boradc  acid  and  nitrate  of  baiyta  in  spirits  of  wine,  and 
supply  the  Bude  lamp  with  this  solution. 

SUeieenih  ExperimeiU.    A  Yellow  lAgkt, 

Dissolve  oommon  salt  in  spirits  of  wine,  and  bum  it  as  already  de- 
scribed in  the  Bude  light  apparatus. 

Sevenieenih  Experiment.    The  Oxy-ealeinm  LigJU. 

This  TeiT  convenient  light  is  obtained  in  a  simple  manner,  either  by 
using  a  jet  of  oxygen  as  a  blowpipe  to  project  the  flame  of  a  spirit 
lamp  on  to  a  ball  of  lime ;  or  common  coal-gas  is  employed  instead  of  the 


No.1. 


No.  a. 


Fig.  108.— No.  1.  ▲«  Oiygen  Jet.  b.  The  ball  of  lime,  nispeDded  bj  a  wire.  c.  Spirit 
lamp. 

No.  1.  s.  Oiygen  Jot.  i.  Gaa  (Jet  oouiectcd  with  the  gas-pipe  in  the  rear  by  liexibl* 
pipe)  prqieotod  on  to  Mil  of  lime,  v. 


Uic  aitide  on  hydrogen.  (Fig.  103.) 


Eiffhteentk  Experiment, 

To  show  the  weight  of  oxygen  g[as,  and  that  it  is  heavier  than  air» 
the  stoppers  from  two  bottles  containing  it  mav  be  removed,  one  bottle 
may  be  left  open  for  some  time  and  then  tcstea  by  a  lighted  tipper,  xrhoL 
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it  will  fttiU  indicate  the  presence  of  the  gas,  whilst  the  other  xaaj  be 
suddenly  inverted  over  a  little  cup  in  which  some  ether,  mixed  with  a 
few  drops  of  torpentine,  may  be  bnming — ^the  flame  burns  with  much 
greater  brilliancj  at  the  moment  when  the  oxygen  comes  in  contact 
with  it. 

NineteeiUh  Experimeni. 

The  theory  of  the  effect  of  oxygen  upon  the  system  when  inhaled 
would  be  an  increase  in  the  work  of  the  respiratory  organs ;  and  it  is 
stated  that  after  inhah'ng  a  gallon  or  so  of  this  sas,  the  pulse  is  raised 
forty  or  fifty  beats  per  second :  the  gas  is  easij^  inhalea  from  a  large 
indiarubber  Dag  thrcfogh  an  amber  mouthpiece ;  it  must  of  course  be 
quite  pure,  and  if  made  from  the  mixture  of  chlorate  of  potash  and 
oxide  of  manganese,  should  be  purified  by  being  passed  through  lime 
and  water,  or  cream  of  lime. 

Tweniieth  HxperimeMi, 

There  are  certain  colouring  matters  that  are  weakened  or  destroyed 
by  the  action  of  Uc^ht  and  otner  causes,  which  deprive  them  of  oxygen 
gas  or  deoxidize  tnem.  A  weak  tincture  of  litmus,  if  long  kept,  orten 
becomes  colourless,  but  if  this  colourless  fluid  is  shaken  in  a  bottle 
with  oxygen  gas  it  is  gradually  restored ;  and  if  either  litmus,  turmeric, 
indigo,  orchil,  or  madder,  paper,  or  certain  ribbons  dyed  with  the  same 
colouring  matters,  have  become  faded,  they  may  be  partially  restored  by 
damping^  and  pkoing  them  in  a  bottle  of  oxygen  gas.  The  effect  of  the 
oxygen  is  to  reverse  the  deoiidiang  process,  ana  to  impart  oxygen  to 
the  colouring  matters.  By  a  peculiar  process  indigo  may  be  obtained 
quite  white,  and  again  restorea  to  its  usual  blue  colour,  either  by  ex- 
posure to  the  air  or  by  passing  a  stream  of  oxygen  through  it. 

Twenty-first  Erperiment, 

Messrs.  Matheson,  of  Torrington-street,  Kussell-square,  prepare 
in  the  form  of  wire  some  of  the  rarest  metals,  such  as  magnesium, 
lithium,  ftc.  A  wire  of  the  metal  magnesium  bums  magnificently  in 
oxygen  gas,  and  forms  the  alkaline  earth  magnesia.  The  metal  lithium, 
to  which  such  a  yeir  low  oombixiing  proportion  belongs — ^viz.,  6*5,  can 
also  be  procured  in  tne  state  of  wire,  and  bums  in  oxygen  giis  with  an 
intense  white  li^t  into  the  alkaline  lithia,  which  dissolved  in  alcohol 
with  a  little  acetic  acid,  and  bumt,  affords  a  red  flame,  making  a  curious 
contrast  between  the  effects  of  colour  produced  by  the  metalhc  and  oxi- 
dized state  of  lithium. 

THE  ALLOTBOPIC  CONDITION  OF  OXYGEN  GAS. 

The  term  allotropy  (from  aXXorporros,  of  a  different  nature)  was 
fast  used  by  the  renowned  chemist  Berzelius.  Dimorphism,  or  diver- 
sity in  crystalline  form,  is  therefore  a  special  case  of  allotropy, 
and  is  most  amusingly  illustrated  with  the  iodide  of  mercury  (Hg^ 
which  is  made  either  by  rubbing  together  equal  combining  proportions 

h2 
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of  mercury  and  iodine  (both  of  which  are  to  be  found  in  the  Table 
of  Elements,  page  86),  or  bj  carefully  precipitatiuj^  a  solution  of  cor- 
rosive sublimate  (bichloride  of  mercury  (HgCi^)  with  oue  of  iodide  of 
potassium,  just  enough  and  no  more  of  the  latter  being  added  to  pre- 
cipitate the  metal,  or  else  the  iodide  of  mercury  is  redissolved  by  the 
excess  of  the  precipitant.  It  is  first  of  a  dirtr  yellow,  and  thenflraduallT 
changes  when  stirred  to  a  scarlet ;  if  this  oe  collected  on  a  niter,  and 
washed  and  drained,  it  is  a  beautiful  scarlet,  and  when  some  of  this 
substance  is  rubbed  across  a  sheet  of  paper,  a  bright  scarlet  is  apparent, 
which  may  be  rapidly  changed  to  a  lemon-yeUow  by  heating  the  paper 
over  the  flame  of  a  spirit  lamp ;  and  the  iodide  of  mercury  is  again  brought 
back  to  a  scarlet  colour  by  rubbing  down  the  yellow  crystals  with  the 
fingers.  This  experiment  may  be  repeated  over  and  over  a^ain  with 
the  like  results.  If  some  of  the  scarlet  iodide  of  mercury  is  subhmed  ftom 
oue  bit  of  ^lass  to  another,  it  forms  crystals,  derived  from  the  right 
rhombic  prism ;  when  these  are  scratched  with  a  pin  they  change  again  to 
the  scarlet  state,  the  latter  when  crystallized  being  in  the  form  of  the 
square-based  octohedron. 

Other  cases  of  dimorphism  may  be  mentioned— viz.,  with  sulphur, 
carbonate  of  lime,  ana  lead,  and  many  others,  whilst  aliotropy  is 
curiously  illustrated  in  the  various  conditions  of  charcoal,  which,  in 
the  more  numerous  examples,  is  black  and  opaque,  and  in  another  instance 
transparent  like  water.  Lamp-black  is  soft,  but  the  diamond  is  the 
liardest  natural  substance.  The  allotropic  state  of  sulphur  has  hetm 
already  alluded  to ;  phosphorus,  again,  exists  in  three  modifications :  1st, 
Common  phosphorus,  which  shines  in  the  dark  and  emits  a  white  snooke. 
2nd,  White  pnosphorus.  3rd,  Red  or  amorphous  phosphorus,  which 
does  not  shine  or  einit  white  smoke  when  exposed  to  the  air,  and  is  so 
altered  in  its  properties  that  it  may  be  safely  carried  in  the  pocket. 

Enough  evidence  has  therefore  been  oJrered  to  show  tnat  the  allo- 
tropic property  is  not  confined  to  one  element  or  compound,  but  is  dis- 
coveraole  m  many  bodies,  and  in  no  one  more  so  than  in  the  allotropic 
state  of  the  element  oxygen  called 

OZONE. 

The  Greek  language  has  again  been  selected  by  the  discoverer,  Schon- 
bein,  of  Basle,  for  tne  title  or  name  of  this  curious  modification  of 
oxygen,  and  it  is  so  termed  from  ofciV,  to  smell.  The  name  at  once 
suggests  a  marked  difference  between  ozone  and  oxygen,  because  the 
latter  b  perfectly  free  from  odour,  whilst  the  former  has  that  peculiar 
smell  which  is  called  electric,  and  is  distinguishable  whenever  an 
electrical  machine  is  at  work,  or  if  a  Lcyden  jar  is  charged  by  the 

Sowerful  Rhumkoff,  or  Hearder  coil;  it  is  also  apparent  when  water  is 
ecomposed  by  a  current  of  electricity  and  resolved  into  its  elements, 
oxygen  and  hydrogen.  When  highly  concentrated  it  smells  like  chlorine; 
and  the  author  recollects  seeing  the  first  experiments  by  Schonbein,  in 
England,  at  Mr.  Cooper's  laboratory  in  the  Blackfriars-road.  Ozone 
is  prepared  by  taking  a  clean  empty  oottle,  and  pouring  therein  a  very 
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little  diatQIed  water,  into 
which  a  piece  of  clean 
■oraped  phosphonia  b 

introduced,  so  as  to  ex- 
pose about  oue-halE  of 
its  dinmelsT  to  the  air  in 
the  bottle,  whilst  the 
other  is  in  contact  with 
the  water.  (Fig,  104.) 

For  the  sake  of  pre- 
caution, the  bottle  ma; 
stand  in  a  buin  or  soup 
plate,  so  that  if  the 
phosphorua  should  take 
ore,  it  maj  be  instantlj 
citingniehed  b^  pour- 
ing cold  water  into  the 
bottle,  and  should  this 

crack  and   break,  the     ng.  im.  •.  a  aun  bottle,  with  the  itoppu  ia«eif 
phosphorus  is  received  "^.""^  .■■  F'f,"J!'V.^"J?°'''^Fv°T.'-  E' ^''* 

rT    f,       ,  .  wmta  lirel  Jul  to  halt  the  thlcksMa  of  the  phaphonu. 

into  ihe  pbite.  »  ».  a  •>op->ut«. 

When  the  ozone  is 
fonned  the  phosphorus  can  he  withdrawn,  and  the  phosphorous-Rcid 
smoke  washed  out  hj  shaking  the  bottle;  it  is  distioguishable  bj  its 
amell,  and  &lso  b;  its  action  on  test  paper,  prepaTed  bj  painting  with 
starch  coataiuing  iodide  of  potasaiam  on  some  Bath  post  pnper ;  when 
this  is  placed  in  the  bottle  containing  osone,  it  changes  the  lest  blue, 
or  rather  a  purplish  blue. 

Osonc  is  a  most  energetic  bodj,  and  a  powerful  bleaching  agent ;  if 
a  point  is  attached  to  the  prime  conductor  of  an  electricu  machine, 
and  the  electrified  air  is  receiTcd  into  a  bottle,  it  will  be  found  to  smell, 
and  has  the  power  of  bleaching  a  very  dilute  solution  of  indigo.    Oeone 


Ftp.  lOS.  T.  A  fiiiiU  Tolt<Io  Altitun  ituidhiR 
eunbleof  facslEnr  ft  thJnlcDRlb  of  plftUnuin  v1r<  i 
■  point  betwHti  thi  Bonding  ^-m,  w  w.-N.I 


,  _  the  il«l  irlth  glaa  Ugt,  ■■,  ftsd 

ftbont  two  fndMfl  ^ot^L  Bud  bent  to  fbrai 

B.  The  Toltdo  oamtii  eu  b*  oat  off  U 

'    the  prime  onductor  oT  ftp  of 
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15  not  a  mere  creation  of  fancy,  as  it  can  not  only  be  produced  by  certain 
methods,  but  may  be  destroyed  by  a  red  heat.  If  a  point  is  prraaxed 
with  a  loop  of  platinum  wire,  and  this  latter,  after  being  oonnected  wilii 
a  voltaic  Dattery,  made  red  hot«  and  the  whole  placed  on  an  insulating 
stool,  and  connected  with  the  prime  conductor  ot  an  electrical  machine^ 
it  is  found  that  the  electrified  air  no  longer  smells,  the  osone  is  destroyed; 
on  the  other  hand,  if  the  voltaic  batteir  is  disconnected,  and  the  electri- 
fied air  again  allowed  to  pass  from  the  cold  platinum  wire,  the  smell  is  agmin 
apparent,  the  air  will  bleach,  and  if  caused  to  impinge  at  onoe  upon 
the  iodide  of  starch  test,  changes  it  in  the  manner  uready  desciiDed. 
(Fig.  105.) 

Ozone  is  msoluble  in  water,  and  oxidizes  silver  and  lead  leaf,  finely 
powdered  arsenic  and  antimony ;  it  is  a  poison  when  inhaled  in  a  ooc 
oentrated  state,  whilst  diluted,  and  generated  by  natural  processes,  it  is  a 
beneficent  and  beautiful  provision  against  those  numerous  smells  originate 
ing  from  the  decay  of  animal  and  vegetable  matter,  which  mif^t  produce 
disease  or  death :  ozone  is  therefore  a  powerful  disinfectant.  The  test  for 
ozone  is  made  by  boiling  together  ten  puts  by  weightof  starch,  one  of  iodide 
of  potassium,  and  two  hundred  of  water ;  it  may  either  he  painted  on 
Bath  post  paper,  and  used  at  once,  or  blotting  paper  may  be  saturated 
with  tne  test  and  dried,  and  when  required  K>r  use  it  must  be  damped, 
either  before  or  after  testing  for  ozone,  ap  it  remains  colourless  wbcm 
dry,  but  becomes  blue  after  bemg  moistened  with  water. 

Paper  prepared  with  sulphate  of  manganese  is  an  excellent  test  for 
ozone,  and  coan^es  brown  rapidly  by  the  oxidation  of  the  proto-salt  of 
manganese,  and  its  conversion  into  the  binoxide  of  the  metal. 

Ozone  is  also  prepared  bv  pouring  a  little  sulphuric  ether  into  a 
quart  bottle,  and  then,  after  heating  a  glass  rod  in  the  flame  of  the  spirit 
lamp,  it  may  be  plunged  into  the  bottle,  and  after  remaining  there  a  few 
minutes  ozone  may  be  detected  by  the  ordinary  tests. 

NITBOGEN,  on  AZOTE. 

Nirpov,  nitre ;  ytmrnn,  I  form ;  a,  privative ;  fmj,  life.  Symbol,  N  * 
combining  proportion,  14.    Also  termed  by  Priestley,  phlcffisticaied  air. 

In  the  year  1772,  Dr.  Rutherford,  Professor  of  Botany  in  the  Uni- 
versity of  Edinburgh,  published  a  thesis  in  Latin  on  fixed  air,  in  which 
he  says : — ''  By  ike  respiration  of  animah  healthy  air  is  not  merely 
rendered  mephitie  (i.e.,  charged  with  carbonic  acid  gas),  but  also  suffers 
another  change.  For  after  the  mephitie  portion  is  absorbed  by  a  east^ie 
alkaline  lixivium,  the  remaining  portion  is  not  rendered  salubrious ;  and 
although  it  occasions  no  precipitate  in  lime-water,  it  nevertheless  extin- 
guishoi flame  and  destroys  life**  Such  is  the  doctor's  account  of  the 
discovery  of  nitroeen,  which  may  be  separated  from  the  oxygen  in  the 
air  in  a  very  simple  manner.  The  atmosphere  is  the  great  storehouse 
of  nitrogen,  and  four-fifths  of  its  prodigious  volume  consist  of  this 
element 
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C(mpo$UioM  of  Almotpierie  Air. 


Oxygen  . 

Nitragen 
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The  usual  mode  ot  procnring  mtrogen  gas  is  lo  abstract  or  reraoTO 
the  oxygen  from  b  ^ven  portion  of  atmospheric  air,  and  the  onl^  point 
to  be  attended  to,  is  to  select  some  snbstinoe  which  will  continue  to 
bum  as  long  as  there  is  an;  oijgen  left.  Tbos,  If  a  lighted  taper  is 
placed  in  a  oottle  of  air,  it  will  only  hum  for  a  certain  period,  and  is 
gradoaUr  and  at  last  extinguished ;  not  that  the  vhole  of  the  oijgeii  is 
Qved  or  changed,  because  after  the  taper  has  gone  out,  some  burning 


T  be  placed  in  the  vessel,  and  will  continue  to  bum  for  a 


limited  period ;  and  even  afler  these  two  combustibles  have,  as  it  were, 
token  their  fill  of  the  oxygen,  there  is  yet  a  little  left,  which  is  snapped 
up  by  burning  phosphoms,  whose  voracious  appetite  for  oxygen  is  only 
appeased  ^  taking  the  whole.  It  is  for  this  reason  that  phosphorus  is 
employed  (or  the  purpose  of  removins  the  oxygen,  and  also  because  the 
product  (phosphoric  acid)  is  perfectly  soluUe  in  water,  and  thus  the 
oxygen  is  first  combined,  and  toen  wssned  out  of  a  given  volume  of  air, 
leaving  the  nitrogen  behind. 

Firil  EiperimaU. 
To  prepare  nitn^n  gas,  it  is  only 
necessary  to  place  n  little  dry  phoi- 
phoma  in  a  Berlin  porcelain  cup  on  a 
wine  glass,  and  to  stand  them  in  a 
soup  plate  containing  water.  The 
phosphorus  is  set  on  fire  with  a  hot 
wire,  and  a  gas  jar  or  cylindrical  jar 
is  then  carenilly  placed  over  it,  so  that 
the  welt  of  the  jar  stands  in  the  water 
in  the  soup  plate.  At  first,  expansion 
'  tnkea  place  in  consequence  of  the  heat, 
but  tilts  effect  is  soon  reversed,  as  the 
oxygen  is  converted  into  a  solid  by 
union  with  the  phosphorus,  forming  a 
white  smoke,  which  gradually  disap-  j, 
peara.  (Fig.106.)  ■ 

Supposing  two  grains  of  phospho-    \ 
rns  had  been  pieced  in  a  platinom     '._ 
tube,  and  just  enough  atmospheric  air 

p^,d  o,i,  i.  to  5o.,jrt  tL  .bole  .sa.t.^KSfS'.^TS's: 

into  phospbono  acid,  the  weight  of  iiui,  niiportiDK  o,  um  top  ■—*■'"'"« 
the  Dhospnorua  would  be  increased  to  *?•  SjH^  plio.pl»ra^  Bid  the  ■!«*« 
44^  by  the  addition  of  Si  grains  '^t^-'^^^^-^^^E 


101  sot's  flatbook  of  bcierck. 

of  oxygen ;  dott  one  cnbic  bch  of  oiTgen  weigha  0'3119,  or  about  ^li 
of  n  grain,  hence  7'3  cubic  inches  of  oiygen  disappear,  wbicik  weigh 
as  nearly  as  possible  Si  gtains,  so  that  as  SCS  cubic  inclies  of  air  con- 
tnia  7'3  cubic  inches  oT  oxygen,  that  qiutntity  of  air  most  have  passed 
over  ibe  2  grains  of  phoapnoras  to  cooTert  it  into  4|  gnins  of  phos- 

FoT  «ery  delicate  purposes,  nitrogen  is  best  prepared  bj  passing  air 
oyer  finelj-divided  metBlUc  copper  heitted  to  redness ;  this  metal  absorb 
the  whole  of  the  oxygen  and  leaves  the  nitrogen.  The  fbely-divided  copper 
is  procured  by  passing  hydrogen  gas  over  pure  black  oiide  of  copper. 

SeeeHd  EiperiMKHl. 

A  TOy  inslructiTC  experiment  is  performed  by  heating  a  good  mass  ol 
tartrate  of  lead  in  a  glass  tube  which  is  henne  cally  sealed,  and  being 
placed  on  an  iron  sup- 
port, is  then  coveied 
by  a  capped  air  jir 
with  a  siloing  rod  and 
stamper,  the  whole 
beiuK  arranged  in 
a  pkte  containing 
water.  When  the 
stamper  is  pushed 
down  upon  the  glass 
the  bitter  is  broten 
<I^.]07},andttieair 
gradiiallT  penetrates 
to  the  finely  divided 
lead,wben  ifputionoc- 
cnrs,  and  the  oxygen 
isat»orbed,  as  demon  - 
strsted  by  the  rije 
of  the  water  in  the 
On  the   same 


third  full  with  a  liquid 

Umplgiini  of  lead  and 

""  mercury,    and    then 

d  Ind.  put  or  whiib  fuit  oat,  ud  H  JgnKH  ud     for    two     hours    or 

rrtdiMttl  tj  Ihs  UUIg  tng>  Jnrt  balow,  bein;  put  of  tbs  Iron      mnrp     the   ShcIt  di- 
Hand. »  B,  wtlh  cniUhn  nipportjne  Uw  md«  ot  llu  gliM        . ,    ,'    .      ,     „ki.  j,. 

tnSi^udtiMwiMtltMuubiBUudiiiiofwttcr.ia.  vided  lead    absortw 


leaves  pare  citrogen.    Or  if  a  mixt 

and  iron  filings,  is  made  into  a  past,  _ ..     _ 

and  then  warmed  and  placed  under  a  gaa  jar  full  of  ait  standing  on 


oxygen 

of  equal  wd^ts  of  sslphnr 

ith  water  in  a  thin  iron  auv 

ithe 
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shelf  of  the  pneumatic  troogh,  or  in  a  dish  fall  of  water,  the  water 
gradually  rises  in  the  jar  in  about  forty-eight  hours,  in  consequence  of 
the  absorption  of  the  oxygen  gas. 

TAird  ExperimeiU. 

Nitrogen  is  devoid  of  colour,  taste,  smell,  of  alkaline  or  acid  qualities ; 
and,  as  we  shall  have  occasion  to  notice  presently,  it  forms  an  acid 
when  chemicallv  united  with  oxygen,  and  an  alkali  in  union  with  hydro- 
gen. A  lightea  taper  plunged  into  this  gas  is  immediately  extinguished, 
while  its  specilBc  gravity,  which  is  lighter  than  that  of  oxygen  or  air, 
is  demons^ted  by  the  rule  of  proportion. 


WeUbt  of  100  cable 
incfiet  of  air  at  SO"  Unity. 

Fahr.,bar.28iaiD. 

30-829  1 


Welgbt  of  100  enbio  Spedflo 

Incbea  of  nltroipen  at  gravltT  of 

00^  Fahr^  bar.  20^  in  nlttogoi. 

:         29-952  971 


^fe 

A 


And  its  levity  may  be  shownveryprettily  by  a 
simple  experiment.  Select  two  gas  jarsof  the 
same  size, andafterfillingone  with  ox^gengas 
and  the  other  with  nitrogen  gas,  shde  glass 
platesoverthebottomsofthejar8,andpr(^eed 
to  invert  the  one  containing  oxyeen,  placing 
the  neck  in  a  stand  formea  of  a  dox  open  at 
the  top;  then  place  the  iar  containing  nitro- 
gen over  the  mouth  of  tne  first,  withdrawing 
tlie  gkss  plates  carefully ;  and  if  the  table 
is  steady  the  top  gas  jar  will  stand  nicely 
on  the  lower  one.  Then  (having  previousW 
lighted  a  taper  so  as  to  have  a  long  snuff) 
remove  the  stooper  from  the  nitrogen  jar 
and  insert  the  lighted  taper,  which  is  im- 
mediatelv  extin^ished,  and  as  quickly  re- 
lighted by  pushing  it  down  to  the  lower 
jar  contammg  the  oxygen.  This  experi- 
ment may  be  repeated  several  times,  and  is 
a  good'illustration  of  the  relative  specific 
gravities  of  the  two  gases,  and  of  the  im- 
portance of  the  law  of  universal  diffusion 
already  exphuned  at  p.  6,  by  which  these 
gases  mix,  not  comlnne  together,  and  the 
atmosphercTemains  in  one  uniform  state  of 
composition  in  spite  of  the  changes  going 

on  aVthe  surf«»  of  the  eaHh.    Omfttkg  „jK^k.  .l^iSSg^Tiffl 
the  aqueous  vapour,  or  steam,  ever  present  Jar  ftiU  of  ta^m.  o.  The  top«r, 
in  vanable  quantities  in  the  atmosphere,  ten  i^i!^!!?!?™?  "'  S^^JIL 
thousand  volumes  cf  dry  au:  contam,  ac-  porting  the  jars, 
cording  to  Graham :— 
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Nitrogen 7912 

Oxygen 2080 

Carlx)nic  acid 4 

Carbnretted  hydrogen  (CE4)    ...  4 

Ammonia airace 


Fourth  Experiment. 


10,000 


It  was  the  elegant,  the  accomplished,  but  ill-fated  Lavoisier  who  dis- 
covered, bv  experimenting  witn  quicksilver  and  air,  the  compound 
nature  of  tne  atmosphere ;  and  it  was  the  same  chemist  who  gave  the 
name  of  azote  to  nitrogen ;  it  should,  however,  be  borne  in  mind  that  it 

does  not  necessarily 
follow  because  a  gas 
extinguishes  flmc 
that  it  is  a  pouoa. 
Nitrogen  extinguishes 
flame,  but  we  inhale 
enormous  quantities 
of  air  without  any  ill 
effects  from  the  nitro- 
gen or  azote  that  it 
•n  contains ;  on  the  other 
hand,  many  ffases  that 
extinguish  flame  are 
specific  foisotu,  such  as 
carbonic  acid,  carbonic 
oxide,  cyanogen,  &c. 

Lavoisier's  experi- 
ment may  be  repeated 
by  passing  into  a  mea- 
sured jar,  graduated 
into  five  equal  vo- 
lumes, four  measures 
liff.  100.  A.  Om  Jw  dlTidfld  Into  fire  equal  parts,    b  b.  of  nitrogen  and  one 

flMtbm  of  pnemnatio  trough,  to  show  the  deeanuttion  of  na  mpflnnrp  of  oxvffen  •  a 
ftom one TSaeStottothe?  The  gaa ia  being  passed fro£o     i:^!i^;  „v^it?7i!  * 

to  1,  through  the  water.  glass  plate  should  then 

be  slid  over  the  mouth 
of  the  vessel,  and  it  may  be  turned  up  and  down  gently  for  some  little 
time  to  mix  the  two  gases,  and  when  the  mixture  is  tested  with  a  lifted 
taper,  it  is  found  neither  to  increase  nor  diminish  the  illuminatiiig  power 
and  tiie  taper  bums  as  it  would  do  in  atmospheric  air.  (Fig.  109.) 


PREPABATIOK   07   HTDBOOEN  GAB. 


bj  otiier  chemists  inflonunabie  air,  and  phlogutoD.   8  jmbol,  H ; 

eombinmg  properties,  1.    The  Ikhtest  known  fonn  of  matter. 

Everj  100  parte  bj  weight  ol  water  contniu  11  parts  of  hjdrogea 
gfts ;  and  as  the  quautitj  of  water  on  the  surface  of  the  earth  repreaeats 
Bt  least  twO'thirile  of  the  whole  area,  the  source  of  this  gas.  Like  that  ol 
oijgen  or  nitrogen,  is  ineibaustible.  Van  HelmoDt,  Majow,  and 
Hales  had  shown  that  cert-ain  infianimable  end  peculiar  gases  could  be 
obtained,  but  it  was  reserved  for  tbe  rigid!;  pliilo!ophic  mind  of  Cavendish 
to  determine  the  nature  of  the  elements  contained  in,  and  giving  a  ape- 
ciFdit;  to,  the  inflammable  gases  of  the  older  chemists.  £;  acting  with 
dilute  acids  upon  itod,  linc,  and  tin,  CnTendish  liberated  an  inSammable 
elastic  gas ;  and  he  discovered  nearlj  all  tbe  properties  we  shall  notice 
in  the  succeeding  enperiments,  and  especially  demonstrated  tbe  coropo- 
aitiou  of  wnter  in  his  paper  read  before  the  Royal  Society  in  the  vear 
1784. 


H^dro^Q  is  prepared  in  a  ve^  simple  manner,  by  placbg  some  i 
Cnttings  m  a  bottle,  to  which  is  attached  a  cork  and  pewter  r~  *" 
glass  tube,  and  pouring  apon  the  metal 
some  dilnle  sulphiuic  or   hjdrocbloric 
«cid.     Efferreaceuce  and  eballition  take 

filace,  and  the  gas  escapes  in  large  qoanti- 
ies,  water  being  decomposed;  l^c  oxygen 
passes  to  the  zinc,  and  forms  oxide  of 
tine,  and  this  uniting  with  the  aolphuric 
acid  forms  sulphate  of  rinc,  which  may 
be  obtained  after  the  escape  of  the  hy- 
drogen by  evaporation  and  crystalliEation. 

(Fii.llO.) 

Zn  +  H^,  =  ZnSO,  +  H,; 

Zn  +  BHCl  =  ZnCl,  +  H, 
In  nearly  all  the  processes  employed 
for  the  generation  of  hTdrogen  gas,  a 
metal  is  usually  employed,  and  this  fact 
nas  au^ested  the  notion  that  hydrogen 
may  possiblr  be  a  metal,  although  it  is 
the  lightest  known  form  of  matter ;  and  it 
will  Ik  observed  in  allthe  succeeding  eipe-  | 
riments  that  a  metallic  substance  will  be 
employed  to  take  away  the  oiygen  and 
displace  the  hydrogeiL 


Wbenever  hydrogen  u  pTepared  it  should  be  allowed  to  escape  fron 
tbe  generating  Teswl  Tor  a  Tew  iiiinal««  before  an;  flame  is  Applied,  in 
order  that  the  atmospherio  air  may  be  expelled.  The  most  senous  acci- 
dents have  occurred  from  cardewnesa  in  this  respect,  as  a  miitnic  ol 
bjdrogen  and  air  is  eiplosire,  and  the  more  dangerous  wbem  it  takes 
fire  in  an;  close  glass  bottle. 

Second  Exp»iaent. 

If  a  piece  of  potassium  is  confined  in  a  little  coarse  win  ganie  cage, 

attached  to  a  rod,  and  thrust  under  a  small  jar  full  of  water,  placed 

"    *  ■'  ,■    .         >    .    J  Inced  with 

potassium 


on  the  shelf  of  the  pneumatic  trough,  hydrogen  gas  is  produced  with 
great  rapiditj,  and  is  received  into  the  gas  inr.  The  bit  of  potassium 
being  surrounded  with  water,  is  kept  cuol,  whilst  the  hTdragen  eacapioK 
under  the  water  is  not  of  course  burnt  awaj,  as  it  is  whenever  the  metal 


thrown  on  the  lurfaee  of  water. 

Third  Experiaenl. 

Across  a  small  iron  table-fumace  is  placed  abont  eighteen  inches  of 
1-inch  ns-pipe  containing  iron  borings,  the  whole  bein^  red-hot ;  and 
attached  to  one  end  is  a  pipe  convejing  steam  from  a  boiler,  or  flask,  or 
retort,  whilst  another  pipe  is  fltted  to  the  opposite  end,  and  p.^ssea  to 
the  pneumatic  trough.  Directlj  the  steam  passes  over  the  red  hat  iron 
borings  it  is  depnTcd  of  oiTgen,  which  remains  with  the  iron,  fonninf; 
the  rust  or  oxide  of  iron,  whilst  the  hydrogen,  called  JQ  this  caae  water 
go*,  escapes  with  great  rapiditj.  When  steam  is  passed  over  red-hot 
charcoal,  hydrogen  is  also  produced  with  caihonic  otide  gas,  and  this  iii 
fact  is  the  ordmarj  process  of  making  koUt  gat,  which  hein^  puri- 
fied is  afterwards  saturated  with  some  volatile  hydrocarbon  and  burnt. 
At  first  sight,  such  a  mode  of  makiDg  gas  would  be  thought  cztremelj 
profitable,  and  in  spite  of  the  numerous  failures  the  eUteovery  (so  called) 
of  tealfr  gat  is  reproduced  as  a  sort  of  chronic  mander;  but  experieiMe 
and  practice  have  clearly  demonstrated  that  wder  gat  is  a  fallacy,  and 
as  long  at  we  can  get  coal  it  is  not  worth  while  going  throngh  tlte 
round-about  processes  of  first  burning  coal  to  produce  steiun ;  aecondly. 


He,  III.  A.  Fluk  conUlDliig  mler,  ind  prodDdnt!  (team, 
lab^  s  s,  HBtfklitDj  the  iron  boriugf  hcal#l  rtd  hot  lii  thi 
bldraitn  pHH  ta  tbeju  d,  ituiUcianUwibcirof  tha[iiuiui 


chucon]  iton  □.      1%it 
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of  borning  coil  to  hent  charcoal,  o 
ireited  into  gM,  which  hns  thea  U 


IT  which  llie  Bteun  is  puaed  to  be 
a  he  purified  and  tatunted  with  n 
cheap  hjdroc&roon  obtained  iron  cool  or  mineral  ntq>htha ;  whilst  ordi- 
narv  cool  craa  u  obtained  at  once  by  heatinf  ooal  in  iron  retorts. 
(Eg.  111.) 

Thiu,  bj  the  metals  zinc,  tin,  potassiom,  red-hot  :rou  (and  we  might 
ttdd  several  others),  the  ox;gea  of  water  is  removed  and  hjdn^en  gu 
liberated. 

Foarlk  Experiment. 
If  bottles  of  hjdrogen  gas 

are  prepared  bj  all  the  processes 
described,  thej  will  present  the 
aame  properties  when  tested  on- 
der  Biimlar  circumstances.  A 
lighted  taper  applied  to  the 
months  of  the  bottles  of  hydro- 
gen, which  should  be  inverted, 
CAUses  the  gas  to  take  fire  with  a 
slight  noise,  in  consequence  of 
the  mixture  of  air  and  hydrogen 
ihAt  inrariably  takes  place  when 
the  stopper  is  removed;  on 
tlirusting  the  lighted  taper  into 
the  bulk  of  the  gas  it  is  extin- 
guished, showing  that  hydrogen 
pouesses  the  opposite  quality  to 
oxygen — viz.,  that  it  takes  fire, 
but  does  not  support  combustion. 
By  keeping  the  bottles  contain* 
ing  the  hydrogen  upright,  when 
the  stopper  is  removed  tbe  gas 
eacap<?s  with  great  rapidity,  and 
atmospheric  air  takes  its  place, 
so  much  so  that  by  the  tune  a 
lirhtcd  taper  is  applied,  instead 
of  the  gas  burning  quietly,  it  fre- 
quently astonishes  tbe  operator 
with  a  loud  pop.  This  sudden 
attack  on  the  nerres  may  be  pre-  ."«■"'■ 
vented  by  always  eipermentiiig  J^^^^ 
with  inverted  battles.  (Fig.  11£.) 

Fifth  BxperimeiU. 

Hydrtweu  is  1 4-47  lifter  than  air,  and  for  that  reason  may  be  passed 

into  bottles  and  jars  without  the  assislaace  of  the  pneumatic  trough. 

One  of  the  most  amosing  proofs  of  its  levity  is  that  of  filling  paper  bags' 

or  balloana  with  this  gas  i  ud  we  read,  iu  the  acoooota  of  tbe  fStet  at 


.  Bottlft  opened  DpHzhf,  i 
iiut.  1.  Botllo  opnwdlsTCTl 
iTDiDg  «iiileLlj  at  the  mouth. 


no 


Boy's  PLATBOOE  ( 


Pvu,  of  the  n»e  of  balloons  ingenionalT  constructed  to  represent  animAla, 
so  that  B  reeular  aerial  bunt  wu  embited,  vith  this  diaivback  only, 
that  ueorlj  all  tlie  animals  preferred  ascending  iritb  tbeir  legs  upwards, 
a  circumstance  (tbicb  proroked  intense  mirth  amoDgst  the  Tolatile 
Frenchmen,  The  Ughtness  of  hjdrogen  maj  be  shown  in  two  waja — 
first,  bj  filling  a  little  goldbeater's-skin  balloon  with  pun  hydrogen 
(prepared  br  passbg  the  gaa  made  from  zinc  and  dilate  pure  snlpboric 
acid  through  a  strong  solntion  of  potash,  aod  afterwarda  thronsh  one 
of  nitrate  of  silver),  and  itllowuie  the  balloon  to  ascend ;  aiu  then 
afterwards,  baTingorcoarseaecared  the  balloon  bra  thin  twine  or  strong 
thread,  it  ma;  be  pulled  down  and  the  gas  inhaled,  when  a  most  cnriooi 
effect  a  produced  on  the  voice,  which  is  suddenl;  chaaged  from  a  maul] 
bass  to  a  ludicrous  nasal  squeaking  sound.  The  onlj  preoaations 
necessary  are  to  make  the  gas  quite  pure,  and  to  avoid  flame  whilst 
inhaling  the  gas.  It  is  related  bjChaptal  that  the  intrepid  (quiere,  foolish) 
but  unfortuiuite  aeronaut,  Mons.  Pilate  de  Rosio,  having  on  one  occasion 
inhaled  hydrogen  gas,  was  rash  enough  to  approach  a  lighted  candle, 
when  an  explosion  took  place  in  his  mouth,  which  he  says  "leatm 
violent  that  he  fancied  alt  hit  teeth  leere  drieen  out."  Of  course,  if  it 
were  possible  to  change  b;  some  eitraordinarj  power  the  condition  of 


the  atinosphen 


concert-room  or  theatre,  all  the  bass  voices  would 
become  extremely  nasal  and  highly  comics 
whilst  the  sopranos  would  emolate  nulway 
whistles  and  screech  fearfully ;  and  supposing 
the  specific  gravity  of  the  air  was  cootinu- 
aUy  and  materia  Ij  changing,  our  voices 
wonldneverbe  the  same,  but  alter  day  by  day, 
according  to  the  state  of  the  air,  so  that  t£e 
"  familiar  voice"  would  be  an  impossibility. 
A  bell  ruiw  in  a  gas  jar  containinff  ur 
emits  a  ve^  different  sound  from  that  vhick 
IS  produced  in  one  fullof  hydrogen''^  simple 
experiment  is  easily  performed  by  pasiinga  jar 
containing  hydrogen  over  a  seu-acting  bell, 
such  as  IS  used  for  tel^iapbio  purposes. 
(Fig.  113.) 

Sixli  Szperiment. 

Some  of  the  small  pipes  &om  an  organ 
may  be  made  to  emit  the  most  carious  sounds 
by  passing  heavy  and  light  gaaes  throng 
them;  in  Uiese  experiments  b^  conta^ng 
Fit  i]3.  A.  Stand  ud  t»l!  the  gases  shonld  he  employed,  which  may 
L4;„^hat1?b^™2^'?r  "irive  air.  oxygen,  carbonic  add,  or  hydiog^ 
iqmMd  u  piwon.  br  uiuhk  throogh  the  organ  pipes  at  pieciaely  tho 
*  with  the  fall*  It  an  lop    5(ung  pressure. 


AND  ABBOffTATIOIT. 


Snenik  Erperiaent. 

One  or  those  tojs  railed  "The  Squeak- 
ing Toy"  affords  another  and  ndiculoiis 
euimpie  of  the  effect  of  hydrogen  on  sound, 
when  it  a  used  in  a  ju  cootommg  this 
gas.  (Fig.  114.) 

Eigktk  Experment. 

An  accordion  plajed  in  a  large  rcceptncle 
COnlnining  hydrogen  gas  demonstrRtes  slill 
more  dearly  what  would  be  the  effect  of 
Ui  orehestra  shut  up  in  a  room  oontaimug 
a  mixture  of  a  considerable  portion  ol 
hydrogen  with  air,  as  the  former,  bke 
nitrogen,  is  not  a  poison,  and  only  lulls  m 
the  absence  of  oxygen  gas. 

Ninth  Exptriaeat. 

Som.  «ij  .»«.■»  2«rimji.l.  will  „^  „.„.^,„,™, 
balloons  hare  been  densed  by  Mr.  Darby,  in  tju  of ii]dni«^ 

the    eminent    firework  manufacturer,  by 

which  they  are  made  to  carry  signals  of  three  kinds,  and  Ihus  the 
jdotiTO  or  ascending  power  may  be  utilized  to  a  certain  extent. 

Mr.  Darby's  attention  was  first  directed  to  the  manufactme  of  a 
good,  scrriceable,  and  cheap  balloon,  which  he  made  of  paper,  cot  with 
mathematical  precision;  the  gores  or  divisions  bein^  made  eqnal, 
and  when  pasted  together,  strengthened  by  the  insertion  of  a  string 
at  the  juncture:  so  that  the  skeleton  of  the  balloon  was  made  oT 
string,  the  wliole  tennioatbg  in  the  neck,  which  was  further  stif- 
fened with  calico,  and  completed  when  required  by  a  good  coating 
c^  boiled  oil.  These  balloons  are  about  nine  feet  high  and  fire  feet  in 
diameter  in  the  widest  part,  exactly  like  a  pear,  and  tapering  to  the 
neck  in  the  most  gracefaf  and  elegant  manner.  They  retunthebydn^en 
MS  lemaikably  well  for  many  hours,  and  do  not  leak,  in  consequence  of 
ue  patter  of  which  thcT  are  made  being  well  selected  and  all  holes 
stopped,  and  also  from  the  circumstance  of  the  pressure  being  so  well 
distributed  over  tlie  interior  by  the  almost  mathematical  precision  with 
which  they  are  cut,  and  the  careful  preparation  of  the  paper  with  proper 
rsmisb.  Qaie  of  their  greatest  recommendations  is  cheapuees;  Tor 
whilst  a  gold-beater's  skin  balloon  of  the  same  size  would  cost  about  S/,, 
these  can  be  famished  at  5i.  each  in  brge  quantities. 

A  balloon  required  to  carry  one  or  mote  persons  must  be  constructed 
of  the  best  materials,  and  cannot  be  too  carefully  made ;  it  is  therefore 
a  somewhat  costly  affair,  and  as  much  as  300/.,  SOOf.,  and  even  lOOOi, 
have  been  expended  in  the  construction  oC  these  aerial  cboiiots. 

The  chief  points  requiring  attention  are : — first,  the  quality  of  the 
Gtlk;  secondly,  the  orecision  and  scrupulous  nicety  requiied  in  culting 
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ont  and  joining  the  gores ;  thirdlr,  the  application  of  a  good  vamiah  to 
fill  up  the  pores  of  tne  silk,  which  must  be  insoluble  in  water,  and  suf- 
ficiently elastic  not  to  crack. 

The  usual  material  is  Indian  silk  (termed  Corah  silk),  at  from  2^.  to 
2#.  6(/.  per  yard. 

The  goret  or  parts  with,  which  the  balloon  is  constructed  require,  as 
before  stated,  great  attention;  it  being  a  common  saying  amongst 
aeronauts,  "thai  a  cobweb  will  hold  the  gas  if  properly  thaped**  the 
object  being  to  diffuse  the  pressure  equally  over  the  whole  bag  or 
balloon. 

The  varnish  with  which  the  silk  is  rendered  air-tight  can  be  made 
according  to  the  private  recipe  of  Mr.  Graham,  an  aeronaut,  who  states 
that  he  uses  for  this  purpose  two  gallons  of  linseed  oil  (boiled),  two 
ditto  (raw),  and  four  ounces  of  beeswax ;  the  whole  being  simmered 
together  lor  one  hour,  answers  remarkably  well,  and  the  vaniish  is 
tough  and  not  liable  to  crack. 

Tor  repairing  holes  in  a  balloon,  Mr.  Graham  recommends  a  cement 
composea  of  two  pounds  of  black  resin  and  one  pound  of  tallow, 
melted  together,  and  applied  on  pieces  of  varnished  silk  to  the  apertures. 

The  actual  cost  of  a  balloon  will  he  understood  from  information  also 
derived  from  Mr.  Graham.  His  celebrated  "  Victoria  Balloon,"  which 
has  passed  throuj^h  so  many  hairbreadth  escapes,  was  sixty-five  feet 
hi^h,  and  thirtv-eight  feet  in  diameter  in  the  broadest  part ;  and  the 
following  articles  were  used  in  its  construction : — 

£     f.    d. 

1400  yards  of  Corah  silk,  at  2s.  Gi.  per  yard  .    .  175    0    0 

The  netting  weighed  70  lbs 20    0    0 

Extra  ropes  weighed  20  lbs.  at  2#.  per  lb.   .    .     .      2    0    0 

The  car  weighed  25  lbs 700 

Varnish,  wages,  &c.   . 10    0    0 

£220    0    0 

Thirty-eight  thousand  cubic  feet  of  coal  gas  were  required  to  fiU  this 
balloon,  charged  by  one  company  20/.,  by  others  from  9/.  to  10/. ;  and 
eight  men  were  required  to  hold  the. inflated  baggy  monster. 

Immense  journeys  have  occasionally  been  safely  accomplished  by 
means  of  balloons,  and  one  of  the  most  noteworthy  excursions  of  this  kind 
was  that  undertaken  in  the  year  1836  by  the  celebrated  English  aeronaut 
Green.  The  distance  traversed  upon  this  memorable  occasion  was  no 
less  than  1200  miles,  namely,  from  London  to  Grermany.  The  balloon 
rose  from  the  metropolb  at  noon,  and  in  four  hours  time  it  was  above 
the  sea.  Not  knowing  to  which  quarter  of  the  globe  his  frail  ship 
might  choose  to  steer,  the  intrepid  voyager  had  provided  himself  with 
passports  to  different  European  states,  as  well  as  with  a  supply  of  pro- 
visions in  case  his  descent  might  have  been  delayed  by  untoward  cir- 
cumstances. He  was  accompanied  by  two  friends.  Midnight  found 
the  travellets  above  Liege,  the  town  being  visible  by  the  number  of 
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twinkling  stars  which  represented  the  lamps  of  that  bnsr  town.  One 
of  the  travellers  thus  aescribea  his  sensations:  ''A  black  profound 
abyss  surrounded  us  on  all  sides,  and,  as  we  attempted  to  penetrate 
into  the  mysterious  deeps,  it,  was  with  difficulty  we  could  beat  back  the 
idea  and  the  apprehension  that  we  were  making  a  passage  through  an 
immense  mass  of  black  marble,  in  which  we  were  enclosed,  and  which, 
solid  to  within  a  few  inches  cf  us,  appeared  to  open  up  at  our  ap- 
proach." 

After  a  long  and  anxious  night,  during  which,  owing  to  the  singu- 
larity of  the  position  sleep  was  impossible,  the  day  gradually  dawned, 
and  the  three  travellers  found  themselves  placidly  sailing  above  a  fertile 
country  through  which  flowed  the  beautiful  river  Rhine.  In  a  few 
hours  they  let  some  of  the  gas  escape,  and  accomplished  a  safe  descent 
at  Nassau.  The  entire  journey  occupied  less  than  twenty  hours,  and 
it  is  worthy  of  notice  that  sufficient  gas  remained  in  the  balloon  to  have 
doubled  or  even  trebled  the  distance  traversed  had  the  aeronauts 
wished  to  do  so.  Balloons  of  extremely  large  dimensions  have  more 
than  once  been  constructed,  but  have  mostly  proved  to  be  wholly  un- 
manageable. One  of  the  largest  was  made  some  years  back  at  New 
York,  when  the  bold  project  of  crossing  the  Atlantic  by  its  aid  was 
seriously  entertained.  It  was  perhaps  a  fortunate  circumstance  for  the 
would-be  passengers,  that  the  machine,  owing  to  faulty  manufacture, 
split  into  ribbons  during  its  inflation. 

Such  another  monster  balloon  was  the  "  Q&mt"  oontructed  for  Nadar 
in  1863.  The  car  of  this  balloon,  which  was  subsequently  exhibited 
at  the  Crystal  Palace,  Sydenham,  was  a  little  two-stoned  house, 
containiujg^  every  domestic  convenience.  The  immense  machine  started 
from  Paris  on  Sunday,  Oct.  IStli,  1863,  and,  after  sailing  over  Belgium 
and  Holland,  descended  in  Hanover  in  such  a  disastrous  manner  that  it 
is  a  matter  for  wonder  that  any  of  its  thirteen  passengers  escaped  with 
his  life. 

The  voyagers,  however,  in  ignorance  of  what  awaited  them  seem  to 
liave  left  their  mother  earth  in  the  highest  spirits.  After  having 
satiated  their  eyes  with  the  lovely  panorama  spread  out  below  them, 
there  was  a  general  demand  for  dinner.  Every  one  eat  with  unusual 
appetite,  and  numberless  champagne  bottles  were  speedily  emptied. 
But  as  darkness  fell  upon  them  the  travellers  found  themselves  en* 
vdoped  in  a  dense  fog,  a  fog  so  damp  that  they  were  all  very  soon 
wet  through  to  the  skin.  There  was  no  moon  that  night,  and  as  arti- 
ficial lights  were  disallowed,  the  gloom  of  the  passengers  can  be  better 
imagined  than  described.  "The  water,"  writes  one  of  these  unfor- 
tunates, "  which  had  collected  on  the  balloon  during  its  ascent,  now 
began  to  take  effect  and  caused  it  to  descend  with  such  rapidity  into 
the  dark  abyss  that  the  bdlast,  which  was  immediately  thrown  over- 
board, was  overtaken  in  its  descent,  and  fell  on  our  heads  again."  The 
balloon  eventually  came  to  the  ground  with  an  awful  shock,  and  the 
passengers  narrowly  escaped  with  their  lives. 

I 


114  B0Y*8  PLAYBOOK  OF  8CIENCB. 

The  G^t  made  one  more  voyage  which  had  a  still  more  diaasttous 
termination.  On  this  occasion  nme  passengers  oocnpied  the  car.  Thej 
descended  during  a  high  wind,  ana  the  balloon,  dragging  away  the 
grappling  irons  which  were  thrown  out  to  catch  the  ground,  was 
Dumped  along  the  earth  at  a  terrific  speed,  oanying  away  telegraph 
wires  and  posts,  and  indeed  everything  which  offered  an  obstacle  to  its 
fearful  career.  It  was  eventually  brought  to  a  stop  by  becoming 
entangled  in  a  wood  at  Hanover,  and  many  broken  limbs  and  other 
serious  injuries  were  received  by  the  passengers  as  mementoes  of 
their  foolhardy  enterprise. 

The  most  perfect,  as  well  as  the  largest  balloon  ever  constructed,  was 
that  which  ipse  during  the  1878  Exhibition  at  Paris.  This  balloon  was 
designed  and  owned  by  M.  Henry  Giffard,  who  is  perhaps  better  known 
by  the  steam  injector  of  which  he  is  the  inventor.  It  measured  more 
than  100  feet  in  diameter;  a  size  which  can  be  better  estimated  when 
it  is  stated  that  100  girls  were  emploved  for  one  month  in  sewing  its 
seams  together.  It  was  what  is  called  a  "  captive  balloon,"  that  is 
to  say,  it  was  held  by  a  stout  rope  which  was  wound  on  a  steam  drum. 
This  rope  allowed  an  ascent  of  600  metres ;  a  height  sufficient  to  give 
an  all-round  view  of  the  surrounding  country  for  suLty  miles.  A  special 
fabric  was  used  in  the  construction  of  this  balloon.  It  consisted  of 
alternate  layers  of  india-rubber,  doth,  and  canvas.  It  was  filled  with 
pure  hydrogen,  which  is  much  lighter  than  the  carburetted  hydrc^e!i 
supplied  by  the  gas  companies,  and  which  of  course  therefore  gives 
greater  ascending  power.  The  balloon  was  capable  of  lifting  a  weight 
of  twenty-two  tons,  and  fifty  passengers  could  find  accommodaiion  in  its 
car.  Our  Prince  and  Princess  of  Wales  were  among  the  passengers 
during  their  visit  to  the  Exhibition. 

This  balloon,  by  its  daily  ascents,  earned  so  much  money  for  its 
owner,  that  it  was  decided  that  it  should  again  go  up  the  following 
year.  But  one  day,  during  an  unusually  high  wind,  it  was  rent  from 
top  to  bottom.  Thus  perished  the  most  perfect  aerial  machine  ever 
made ;  its  destruction  representing  a  loss  of  £20,000. 

Balloons  have  been  more  than  once  used  for  scientific  purposes  both 
in  France  and  England.  An  ascent  in  the  former  count^  was  so 
fruitful  in  its  results,  that  the  Academy  of  Sciences  immediately  voted 
a  large  sum  to  cover  the  expense  of  another  ascent.  Accordingly  the 
same  balloon  Ascended  witn  three  well-known  scientists,  namely, 
M.  Tissandier,  Captain  Sivel,  both  experienced  aeronauts,  and  M.  Croce- 
Spinelli.  By  some  mischance  the  oalloon  was  allowed  to  attain  a 
height  where  respiration  was  almost  impossible,  and  in  the  sequel 
M.  Tissandier  returned  to  the  earth  with  his  two  companions  lying  dead 
at  the  bottom  of  the  car. 

In  this  country  the  most  famous  scientific  ascents  have  been  made 
by  Mr.  Glaisber,  accompanied  by  the  celebrated  balloonist  CoxwelL 
In  one  of  these  ascents  both  of  these  gentlemen  nearly  lost  their  lives. 
They  both  lost  the  use  of  their  hands  for  a  time,  indeed,  Mr.  Glaisher 
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became  quite  insensible.  His  companion  bad  jnst  enongb  strenffth  left 
to  grasp  the  valve  cord  with  his  teeth,  so  as  to  let  out  some  of  the  gas, 
vhen  the  descent  of  course  began,  and  they  were  eventually  saved.  On 
this  occasion  a  height  of  no  less  than  seven  miles  was  attained.  We 
may  therefore  note  this  as  the  extreme  limit  to  whieh  a  man  may 
venture  above  the  earth  without  sacrificing  his  life,  and  we  may  be 
quite  sure  that  under  no  circumstances  could  he  remain  there  except  for 
an  extremely  brief  period. 

The  balloon  was  recognised  at  a  very  early  date  as  an  important  aid 
to  warfare.  As  early  as  the  year  1794,  the  French  armies  were 
provided  with  two  oomoanies  of  aeronauts.  Placed  in  the  car  of  a 
balloon  these  men  signalled  to  their  comrades  below  as  to  the  position 
and  movements  of  the  enemv's  troops.  Prance,  where  the  first  baUoon 
Was  made  (by  the  brothers  Montgomer),  has  perhaps  paid  more  atten- 
tion to  this  special  application  of  it  than  any  other  country,  and  her 
endeavours  to  make  oalloons  useful  in  this  way  never  met  with 
more  marked  success  than  in  the  late  siege  of  Paris.  At  tins  eventful 
period  a  r^ular  balloon  post  was  organised,  and  by  its  aid  thousands 
of  letters  found  their  way  to  anxious  friends  outside  the  confines 
of  the  city.  Two  of  these  balloons  were  carried  out  to  sea  and  lost, 
some  fell  into  the  enemy's  hand,  but  the  majority  escaped  to  friauUy 
territory. 

Our  own  war  authorities  have  recently  become  alive  to  the  importance 
of  using  balloons  for  military  purposes,  and  a  select  committee  was 
lately  appointed  to  report  upon  the  subject.  A  series  of  experiments 
were  also  lately  carried  out  at  Woolwich  under  the  direction  cf  Captain 
Templar,  and  some  of  the  results  recorded  are  most  strikiuff  and 
intenssting.  Speaking  of  these  experiments  the  Standard  remarks : — 
''  A  system  of  directing  the  balloon  to  favourable  positions  by  a  rope 
attached  to  a  wa^on  drawn  by  horses  has  also  been  tried  with  success, 
and  all  the  details  of  passing  through  forests,  over  rivers,  and  under 
bridges  have  been  inj;eniously  provided  lot**  The  generation  of 
hydrogen  in  the  field  is  accomplished  by  passing  steam  over  red-hot 
iron  by  means  of  a  portable  stove ;  the  manner  in  which  this  can  be 
accomplished  is  sufficiently  detailed  in  the  experiment  on  page  108. 
Ab  a  result  of  these  trials  at  Woolwich,  two  balloons  have  actuuly  been 
placed  in  commission. 

Ck>mmander  Cheyne,  who  has  served  on  three  Arctic  explorations,  is 
confident,  from  experiments  made  in  those  regions,  that  the  balloon 
can  be  made  a  most  useful  adjunct  to  the  equipment  for  a  future 
expedition  to  the  North  Pole.  It  is  quite  impossible  to  detail  the 
plans  which  he  has  elaborated,  but  they  seem  to  be  feasible.  He 
estimates  the  expense  of  such  an  enterprise  at  £30,000,  which  he 
proposes  to  raise  bv  means  of  subscriptions  throughout  the  United 
K^gdom  and  Canada.  With  this  view  he  has  alreMv  organised  more 
than  fifty  iocal  Arctic  committees,  and  we  may  do  well  to  wish  him  all 
the  sucoesa  which  he  undoubtedly  deserves. 

I  2 
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A  night  ascent  witnessed  at  any  of  the  public  gardens  is  certainly  t 
stirring  scene,  particularly  if  the  wind  is  rather  hign.  On  approachinr 
the  balloon,  swayed  to  and  fro  bv  the  breeze,  it  seems  almost  capable  of 
crashing  the  bold  individual  who  would  venture  beneath  it ;  seen  as  a 
laive  durk  mass  in  the  yet  dimly-lighted  square,  it  appears  to  be  inca- 
pable of  control ;  when  the  inflation  is  completed,  tne  aeronaut,  all  irn* 
portance,  seats  himself  in  the  car,  and  blue  lights,  with  other  fir& 
works,  display  the  victim  who  is  to  make  a  "  last  ascent,"  or  perhaps 
detcMt.  finally  the  word  is  given,  the  ropes  are  cast  off,  and  the  balkj 
chariot  rises  majestically  to  the  sound  or  the  National  Anthem.  The 
crowd  see  no  more,  but  the  day's  Timet  reports  the  end  of  the  aerial 
journey. 

Balloons  can  never  be  of  anv  permanent  value  as  means  of  looomoUoii 
until  they  can  be  steered ;  and  this  is  a  problem,  the  solution  of  which  is 
something  like  perpetual  motion.  In  tne  first  place,  a  balloon  of  anj 
size  exposes  an  enormous  surface  to  the  pressure  and  force  of  the  winds ; 
and  wnen  we  consider  that  they  move  at  the  rate  of  from  three  to 
eighty  miles  per  hour,  it  will  be  understood  that  the  fabric  of  a  ballooa 
itself  must  give  way  in  anv  attempt  to  tear,  work,  or  pull  it  against 
such  a  force.  Secondly  and  lastly,  the  power  has  not  jet  been  created 
which  will  do  all  this  without  the  inconvenience  of  bemg  so  keaw  that 
the  steering  engine  fixes  the  balloon  steadily  to  the  earth  by  its 
obstinate  gravity. 

When  engines  of  power  are  constructed  without  the  aeronaut's 
obstacle  of  weight — when  balloons  are  made  of  thin  copper  or  sheet- 
iron — then  we  mav  possiblv  hear  of  the  vojage  of  the  good  ship  Jeri^ 
bound  for  any  place,  ana  quite  independent  of  dock,  port,  and  tbe 
host  of  dues  (guere)  which  the  sea-going  ships  have  to  disbone. 
It  is,  however,  gratifying  to  the  seal  and  perseverance  of  those  irho 
dream  of  aerial  navigation,  to  know  that  a  balloon  is  not  quite  useless ; 
and  here  we  may  return  to  the  consideration  of  Mr.  Darb/s  signali, 
which  are  of  various  kinds,  and  intended  to  appeal  to  the  senses  bj 
night  as  well  as  by  day ;  and  first,  by  audible  sounds.  Such  means 
have  long  been  recognised,  from  the  ancient  float  and  bell  of  the 
"Inchcape  Rock,"  to  the  painful  minute-gun  at  sea,  or  the  shrill 
railway  whistle  and  detonating  signals  employed  to  prevent  the  horroR 
of  a  collision  between  two  trams.  The  signal  sounas  are  produced  bj 
the  explosion  of  shells  capable  of  yielding  a  report  equal  to  that  of  a  six- 
pounder  cannon,  and  they  are  constructed  in  a  very  simple  manner.  A 
tjall,  composed  of  wood  or  copper,  and  made  up  by  screwing  together  the 
two  hemispheres,  is  attachea  to  a  shaft  or  tail  of  cane  or  lance-vood, 
properly  feathered  like  an  arrow ;  at  the  side  opposite  to  that  of  tbe 
arrow — viz.,  at  its  antipodes — is  placed  a  slight  protuberance  containing 
a  minute  bulb  of  glass  filled  with  oil  of  vitriol,  and  surrounded  with  a 
mixture  of  chlorate  of  potash  and  sugar,  the  whole  being  protected 
with  gutta-percha,  and  communicating  by  a  touch-hole  with  the  interior, 
which  is  of  course  filled  with  gunpowder.    These  shells  are  attached 


central  fuse,  and  ■ 
(mode  hollow  on  the  principle  of  the  ar^od  lamp)  buma  steadily 
avaj.  Directly  a  shell  filli  to  the  gToond,  the  little  bulb  contaiaing 
Uie  oil  of  Titnol  breaks,  and  the  acid  coining  in  contact  with  the 
chlorate  of  potaah  and  sngar,  causes  the  mixture  to  t«ke  Sre,  when 
the  gunpowder  explodes.     Daring   the  tiege  of   Sebastopol   rnanj 
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trbknbDruilowlTDp  to  tlHilriDn.tiidIlaticliBteach 


similu  mines  were  prepared  bj  the  Bossiana  in  the  earth,  so  thai 
when  an  unfortanate  soldier  trod  upon  the  ipot,  the  coaoealed  mine 
blew  np  and  BerioDsl;  injured  him ;  such  pettj  warfare  is  as  bad  as 
shooting  sentriei,  and  a  cruel  application  of  aoipnce,  that  unnecessarily 
increases  the  miseriea  of  war  withoatproducing  those  grand  results 
for  which  the  tnilj  great  captains,  Wellington  and  Kapoleon,  only 
warred.    (Fig.  115.) 
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The  bill  distrilmtor  oonsists  of  a  long  piece  of  wood,  to  which  an 
attached  a  nnmber  of  hollow  fuses,  with  packets  of  bills,  protected  fnm 
bdng  burned  or  singed  by  a  thin  tin  plate ;  10,000  or  20,000  bills  esa 
thns  be  deliyered,  and  the  wind  assists  in  scattering  them,  whilst  the 
balloon  travels  orer  a  distance  of  many  miles.  It  most  be  reoolleeted 
that  in  each  case  the  shells  and  the  bills  are  detached  \jj  the  string 
bnming  away  as  the  fire  creeps  np  from  the  fuse.    (Fig.  116.) 


Fig,  116.    The  bill  diitribnftor,  eonilfting  of  fh(«e  hollow  taan, 
wtth  bllli  attadhfld  in  pukett. 


Another  most  ingenious  arrangement,  also  prepared  by  Mr.  Dailiy, 
is  termed  hi  the  inventor,  the  '*  Luid  and  Water  Signal,  *  and  may  oe 
thus  descrioed : — ^A.  short  hollow  ball  of  gutta-percna,  or  other  ood- 
▼enient  matorial,  five  or  six  inches  in  diameter,  and  filled  with  printed 
bills,  or  the  information,  what'Cver  it  may  be,  that  is  required  to  he  seal, 
is  attached  to  a  cap  to  which  a  red  fla^,  having  the  words  "  ()pen  ihs 
»kdl!*  and  four  cross  sticks,  canes,  or  whalebones  with  bits  of  ooik  at 
equal  distances,  are  fitted.  The  whole  is  connected  by  a  striuff  to  the 
fuse  as  before  described.   These  signab  are  adapted  for  land  and  water: 
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m  either  case  thej  fall  npri^ht,  and  in  conaeqaenoe  of  the  sticks  pro- 
jectiTi^  out  th^  float  well  in  the  water,  and  can  be  seen  by  a  telescope 
at  a  distance  of  three  miles.  (Fig.  117.)  Many  of  these  signals  were 
sent  away  by  Mr.  Darby  from  Vaaxhall ;  one  was  picked  np  at  Har- 
wich, another  at  Brighton,  a  third  at  Croydon ;  in  the  latter  case  it 
was  found  by  a  cottager,  who,  fearing  gunpowder  and  combustibles. 


y 


Fig.  117.    The  land  and  water  i!ffnal,  which  remaini  npright 
on  uusd,  or  floats  on  the  snrfaoe  of  water,    a.  The  water-ttght 

Satta-percha  ihelL  oomainlng  the  message  or  information,  b  b  b. 
ticks  of  oane  to  keep  the  flag  in  an  upright  position :  at  the 
end  are  attached  cork  bongs. 


did  not  examine  the  shell,  but  having  mentioned  the  circumstance  to 
a  gentleman  living  near  him,  they  agreed  to  cut  it  open ;  and  intelli- 
gence of  their  arrival,  in  this  and  the  other  cases,  was  politely  forwarded 
to  Mr.  Darby  at  Vauihall  Qardens. 

Balloons,  like  a  great  many  other  clever  inventions,  hare  been  despised 
by  military  men  as  new-fangled  expedients ;  toys,  which  may  do  very  well 
to  please  the  gaping  public,  but  are  and  must  be  useless  in  the  field. 
Over  and  over  again  it  hi^  been  su^ested  that  a  balloon  corps  for 
observation  should  be  attached  to  the  jBritish  army,  but  the  scheme  has 
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been  rejected,  aliliough  the  expense  of  a  few  yards  of  silk  and  the  ffeno- 
ration  of  hydrogen  j?as  would  be  a  mere  bagatelle  as  compared  witn  the 
transport  and  use  of  a  single  32-pounder  cannon.  The  antiquated  notions 
of  octogenarian  generals  have,  however,  received  a  great  shock  in  the 
fact  that  the  Emperor  Napoleon  III.  was  enabled,  by  the  assistance  of 
a  captive  balloon,  to  watch  the  movements  and  dispositions  of  the 
Austrian  troops ;  and  with  the  aid  of  the  information  so  obtained,  he 
made  his  preparations,  and  was  rewarded  by  the  victory  of  Solferino ; 
and  as  soon  as  the  battle  was  over  Napoleon  III.  occupied  at  Cavriana 
the  veiy  room  and  ate  the  dinner  prepared  for  his  adversary,  the  Emperor 
Francis  Joseph. 

Over  and  over  again  the  most  excellent  histories  have  been  written  of 
aerostation,  but  they  all  tend  to  one  truth,  and  that  is,  the  great  danger 
and  risk  of  such  excursions ;  and  to  enable  our  readers  to  form  their 
own  judgment,  a  chronological  list  of  some  of  the  most  celebrated 
aeronauts,  &c.,  is  appended. 

1675.  Bemair  attempted  to  ^j^killed, 

1678.  Besnicr  attempted  to  fly. 

1772.  L'Abb^  Desforges  announced  an  aerial  chariot. 

1783.  Montgolfier  constructed  the  first  air  balloon. 

„     Roberts /r^f,  first  ^  balloon,  destroyed  by  the  peasantry  of 
Geneva,  who  imagined  it  to  be  an  evil  spirit  or  the  moon. 

1784.  Madame  Thibl^,  the  first  lady  who  was  ever  up  in  the  clouds ; 

she  ascended  13,500  feet. 
„     Duke  de  Chartres,  afterwards  Egaliti  OrleanSi  travelled  135 

miles  in  five  hours  in  a  balloon. 
„     Testu  de  Brissy,  equestrian  ascent. 
„     I^Achille,  Desgranges,  and  Chalfour—Montgolfier  balloon. 
n     BacqueviUe  attempted  a  flight  with  wings. 
„     Lunardi — gas  balloon. 

„     Bambaud — ^Montgolfier  balloon,  which  was  burnt. 
„     Andrami — ^Mont^lfier  balloon. 

1785.  General  Money — ^gas  baUoon,  fell  into  the  water,  and  not  rescued 

for  six  hours. 
„     Thompson,  in  crossing  the  Irish  Channel,  was  run  int.o  with  the 
bowsprit  of  a  ship  whilst  going  at  the  rate  of  twenty  miles 
per  hour.  • 

„     Bnosohi — gas  balloon  ascended  too  high  and  burst  the  baUoon ; 

the  hurt  he  received  ultimately  caused  his  death, 
„     A  Venetian  nobleman  and  his  wite--gas  balloon — killed. 
„     Fil&tre  de  Bosiers  and  M.  Bomain— gas  balloon  took  fire — both 
kUUd, 
1806.  Mosment — gas  balloon — kiUed, 

„     Olivari — ^Montgolfier  balloon^ibV^t/. 
]808.  Degher  attempted  a  flight  with  wings. 
1812.  Bittorf— Montffolfier  balloon— ib7Ztf</. 
1819.  Blanchard,  Maioame— gas  haXiooii— killed. 
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1819.  Ga;  Ldmic — gas  balloon,  ucended  S3,010  feet  above  the  leTel 
of  Ibesea.     Barometer  ]S'95  inches  ;  thermometer  14'9  Fall. 

„     Gar  Liusac  and  Biot — gaa  balloon  for  the  beneSt  of  science. 
Both  philoaophen  retarned  safely  to  the  earth. 
18!4.  Sadler— gaa  ballooa— iiV/n^. 

„     Sheldon — gas  ballooa. 

„      Hairii — gaa  balloon — killed. 
1836.  Cocking — parachute  from  ^as  balloon — tilled. 
IS17.  Godard— MoDt;plfIer  ballooa  fell  into  and  extricated  from  the 

Seine. 
18G0.  PoitoTin,  a  successful  French  aeronaut. 

„      Gale,  Lieut. — gas  \)3}\oon— tilled. 

„     Bixio  and  Barral — gas  balloon. 

„     Gtaham,  Mr.  aud  Mrs. — «s  balloon. — Seriona  accldenl  ascending 
near  the  Great  Eibibition  in  Hjde  Park. 

„     Qreen,  a  most  successful  aeronaut. 
1S63.  Coiwell— narroir  escape. 

„      Glaisher — narrow  escape. 
1871.  De  Groof— filing  machine  from  Chelaea— itW#if. 
1874.  Si»el— iiV/erf. 

„      Croce  Spinelli— Wferf. 

„     Tissandier — escaped. 

Of  the  47  peraoos  enumerated,  17  wetb  killed,  and  nearly  all  the 
aeronanta  met  with  accidenta  which  might  haTe  proved  fatal. 


til,  lis,    (IjiBgaaaiiBt  llinnlita 
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Tenth  Bxperimeni, 

Softp  bubbles  Uown  with  hydrogen  gas  ascend  with  great  rapidity, 
and  break  against  the  ceiling;  if  interrapted  in  their  course  with  a 
lighted  \xget  thej  bum  with  a  eJight  ydlow  colour  and  duU  report. 

Eleoenih  Experiment, 

By  constructmg  a  pewter  mould  in  two  halves,  of  the  fAa^  of  a 
tolerably  large  flask,  a  balloon  of  collodion  may  be  made  by  pouring  the 
collodion  intide  the  pewter  yessel,  and  taking  care  that  eveiy  put  is 
properly  ooyered;  the  pewter  moidd  may  be  warmed  by  the  external 
Implication  of  hot  water,  so  as  to  drive  off  the  ether  of  the  collodion, 
and  when  quite  dry  the  mould  is  opened  and  the  balloon  taken  out. 
Such  balloons  may  be  made  and  inflated  with  hydrogen  by  attaching  to 
them  a  strip  of  paper,  dioped  in  a  solution  of  wax  and  phosphorus,  and 
sulphuret  of  carbon;  as  tne  latter  evaporates,  the  phosphorus  takes  fire 
ana  spreads  to  the  balloon ;  which  bums  with  a  slight  report.  The  pewta 
mould  must  be  veir  perfectly  made,  and  should  be  bright  inside ;  and  if 
the  balloons  are  fillea  with  oxygen  and  hydrogen,  allowing  a  sufficient 
excess  of  the  latter  to  give  an  ascending  power,  they  explode  with  a 
loud  noise  directly  the  m  reaches  the  mixea  gases. 

Twelfth  Escperiment, 

In  a  soup-plate  pkce  some  strong  soap  and  water ;  then  blow  out 
a  number  of  bubbles  with  a  mixture  of  oxycen  and  hydrog[en;  a  loud 
report  occura  on  the  application  of  flame,  2u3  if  the  room  is  small  the 
wmdow  should  be  placed  open,  as  the  concussion  of  the  air  is  likely  to 
break  the  glass. 

Thirteenth  Experiment, 

Any  noise  repeated  at  least  thirty-two  times  in  a  second  produces  a 
musical  sound,  and  bv  producing  a  number  of  small  explosions  of 
hydrogen  gas  inside  glass  tubes  of  various  sizes,  the  most  peculiar 
sounds  are  obtained.  The  hydrogen  flame  should  be  extremely  small, 
and  the  glass  tubes  held  over  it  may  be  of  all  lengths  and  diuneters; 
a  trial  only  will  dstenune  whether  they  are  fit  for  the  purpose  or  not. 

Ftmrteenth  Experiment, 

Tlawers,  flgures,  or  other  designs,  may  be  drawn  upon  silk  with  a 
solution  of  nitrate  of  silver,  and  the  whole  bein^  moistened  with  watei; 
is  exposed^  to  the  action  of  hydrogen  gas,  which  removes  the  oijgeai 
from  the  silver,  and  reduces  it  to  the  metallic  state. 

In  like  iponner  designs  drawn  with  a  solution  of  chloride  of  gold  are 
produced  in  the  metaUic  state  by  exposure  to  the  action  of  hydrogen 
gas.  Chloride  of  tin,  usually  termed  muriate  of  tin,  may  also  bo 
reduced  in  a  simihir  manno    care  being  taken  in  these  experiments  that 
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the  bbiic  upon  vhich  the  letters,  i^aiet,  or  des^ni  are  painted  with 
tbe  metaUio  soktion  be  kept  quite  dJunp  whilst  exposed  to  the 
hjdrogengw. 

Fi/hmth  BxperimeMi, 
A  miztnre  of  two  Tolnmes  oC  hjdrogen  with  one  votmne  of  oiysen 
eiplodes  with  great  violence,  and  produces  two  Tolnmei  of  ateam.w 


B  Rgaiost  the  itdea  of  the  strong  glass  Tessel,  in  which  the 
experiment  maj  be  mode,  in  the  fonn  of  water.  As  the  appaiatuH 
caDed  the  CaTcndish  bottle,  bj  which  this  experiment  onlj  maj  be 
safelj  perfonned,  is  somewhat  eipensire,  and  reqoirea  the  ose  of  an 
air-poinpigas  jars  with  stop-cocks,  and  anelectrical  machine  and  Iieyden 
jar,  other  and  more  simple  means  maj  be  adopted  to  show  tbe  combi- 
natioD  ot  ox^en  and  hydrogen,  and  formation  of  water. 

If  a  little  alcohol  is  placed  in  a  cup  and  set  on  fire,  whilst  an  empty 
cold  gaa  jar  is  held  over  the  flame,  an  atynndaut  d^osition  of  moistorc 
takes  place  from  the  corobnstbn  of  the  hydrogen  of  the  spirits  of  wine. 
Alcohol  contains  six  combining  properties  of  hjdrcf^en,  with  four  of 
charcoal  and  two  of  oxygen.  If  a  lighted  candl^  or  an  oil,  camphiue, 
Belmontine,  or  gas  flame,  is  placed  under  a  proper  condenser,  large 
qoantitiea  of  water  are  obtainea  by  the  combustion  of  these  si*' 

(teg.  ii»). 
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SirUenth  Experiment, 

Dnring  the  combustion  of  a  mixture  of  two  Toiiunes  of  fajdroecn  with 
one  of  oxjgen,  an  enormous  amount  of  heat  is  produced,  which  is  ose- 
fuUj  appfi^  in  the  arrangement  of  the  oxy-hydrogen  blowpipe.  The 
flame  ot  the  mixed  gases  produces  little  or  no  light,  but  when  directed 
on  various  metals  contained  in  a  small  hole  made  in  a  fire  brick,  a  most 
intense  light  is  obtained  from  the  combustion  of  the  metals,  which  is 
rariously  coloured,  according  to  the  nature  of  the  substances  emplored. 
With  cast-iron  the  most  vivid  scintillauons  are  obtained,  particularly  if 
after  having  fused  and  boiled  the  cast-iron  with  the  jet  of  the  two  gases, 
one  of  them,  w.,  the  hydrogen,  is  turned  off,  and  the  oxygen  only 
directed  upon  the  fused  oaH  of  iron,  then  the  carbon  of  the  iron  buriB 
with  great  rapidity,  the  little  globule  is  enveloped  in  a  shower  of  sparks, 
and  the  whole  affords  an  excellent  notion  of  the  principle  of  Bessemet^s 
patent  method  of  converting  cast-iron  at  once  into  pure  malleable  iron, 
or  bv  stopping  short  of  the  full  combustion  of  carbon,  into  cast-steeL 

Toe  apparatus  for  conducting  these  experiments  is  of  various  kinds, 
and  different  jets  have  been  from  time  to  tune  recommended  on  account 
of  their  alleged  safety.  It  may  be  asserted  that  aU  arrangements  pro- 
posed for  burning  any  quantity  of  the  mixed  gases  are  extremely  oan- 

j^rons:  if  an  explosion  takes  place 
it  is  almost  as  aestructive  as  gun- 
powder, and  should  no  particular 
damage  be  done  to  the  room,  there 
^^  is  stiS  the  risk  of  the  sudden  vibra- 
-^  -       I       '       r      '^^=^;^     ^Jq^  Qf  ^^g  gif  producing  permanent 

deafness.  If  it  is  desired  to  bum 
the  mixed  gases,  perhaps  the  safest 
apparatus  is  that  of  Gumey ;  in  this 
arrangement  the  mixed  gasea  bobUe 
up  through  a  little  reservoir  of  water, 

and  thus   the  nsholder  —  via^  a 

mg.  130.  GurneT'-Jet.  a.  Pipe  with  bladder,  is  cut  off  from  the  jct  whcn 
■tm^k  inOiag  from  tho  gB»-boider.    the  combustion  takes  place.    (Fig. 

jet  where  the  nsei  barn.  d.  Cork,  which    mended  by  Mr.  Woodward,  thehigfaiy 
!•  blown  out  fir  the  flame  lecedee  in  the    respected  President  of  the  Islin^n 

^^^  Literary  and  Scientific  Institution, 

and  may  be  fitted  up  to  show  the  phenomena  of  polarized  light,  the 
microscope,  and  other  interesting  optical  phenomena. 

Mr.  Woodward  states,  that  a  series  of  experiments,  continued  during 
many  years,  has  proved,  that  while  the  bladder  containing  the  mixea 
gases  IS  under  pressure,  the  flame  cannot  be  made  to  pass  the  safe^ 
chambers,  and  consequently  an  explosion  is  impossible;  and  even  if 
through  extreme  carelessness  or  design,  as  by  the  removal  of  pressure  or 
the  contact  of  a  spark  with  the  bladder,  an  explosion  occurs,  it  can 
prodooe  no  other  than  the  momentary  effect  of  tho  alarm  occasioned  by 


Tnv   OZT'RTDBOOKN   OB  LUCE  LIGHT. 


125 


</-7\ 


Fig.  121.  A.  The  bladder  of  mixed  gaaee,  presied  br  the  board,  b  b,  attached  by  wire 
snpnorta  to  another  board,  o  o,  which  carries  the  welg-nts,  d  d.  b  b.  Pipe  to  which  the 
blaader,  a,  ia  screwed,  aod  when  a.  Is  emptied,  it  is  re-nUcd  from  the  other  bladder,  b. 
y  V  V.  Pipe  convejing  mixed  gaaea  to  the  lantern,  o  q,  where  they  are  burnt  from  a 
Gumey'a  Jet,  b. 

the  report ;  whereas,  when  the  gases  are  used  in  separate  bags  under  a 
pressure  of  two  or  three  half  hundredweights,  if  the  pressure  on  one  of 
the  bags  be  accidentally  removed  or  suspended,  the  gas  from  the  other 
will  be  forced  into  it,  and  if  not  discovered  in  time,  will  occasion  an  ex- 
plosion of  a  very  dangerous  character ;  or  if  through  carelessness  one 
of  the  partially  emp- 
tied bags  should  be 
filled  up  with  the 
wrong  gas,  effects  of 
an  equally  perilous 
nature  would  ensue. 
In  the  oxy-hydro- 
gcn  blowpipe  usually 
employed,  tlie  gases 
are  kept  quite  sepa- 
rate, either  in  gas- 
ometers or  gas  bags, 
and  are  conveyed  by 
distinct  pipes  to  a 
jet    of    very    simple    Teyhigoiyi 

construction,  devised  fL***~^^rm.    ^-  ua  u  -u  .  -j-  u 

u    4U    14.^  T> c  ceiver.    a.  The  orifice  near  which  the  gasea  mix,  and  where 

by  the  late  rrofessor  they  an  burnt 

])anicll,  where  they 

mix  in  very  small  volumes,  and  are  burnt  at  once  at  the  mouth  of  tho 

jet.  (Fig.  122.) 

The  ^ases  are  stored  either  in  copper  gasometers  or  in  air-tight  bags 
of  Macintosh  cloth,  capable  of  containing  from  four  to  six  cubic  feet  of 
gas,  and  provided  with  pressure  boards.  The  boards  are  loaded  with 
two  or  three  fifty-six  pound  weights  to  force  out  the  gas  with  sufficient 


Fig.  12S.  Danlell's  jet.  o  o.  The  stop'«)ck  and  pipe  cod- 
oxygen,  and  fitting  inside  the  larger  tobe  n  b,  to  which 
shed  a  stop-cock,  b,  connected  with  the  hydrogen  re- 
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poBtan,  snd  of  ooone  most  be  e«iuUj  veigfal«d;  if  uf  dui^  of 
wdght  u  nude,  the  atopoocks  shonld  be  toiaed  off  ud  the  liglit  put  oot, 

as  toe  moet  disartroMremiltB  hire  ooouned  from  c"--' -  "' 

mpeoL    (fig.ISS.) 


Fig.  us.    Oh  bis  md  pronm  boodi. 

The  oij-h;drogen  jet  is  further  varied  in  conatmotioii  bjieoeiTing 
the  gases  from  sepuate  Teserroirs,  and  allowing  them  to  mix  in  the 
upper  part  of  the  jet,  which  is  provided  with  a  safety  tabs  filled  witi 


oircular  pieces  of  wire  g»uM.  (Fig.  184.)  With  this  arraiwemeEt  a 
most  intense  light  is  produced,  called  the  Drummond  or  lime  light,  and 
uoal  gas  is  now  usoaU;  substituted  for  hjdrogen. 
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Seoenteenih  Experimeni, 

There  are  many  circmnstances  that  will  cause  the  union  of  oxygen  and 
hydrogen,  which,  if  confined  bj  themselves  in  a  glass  vessel,  may  be  pre- 
served for  any  length  of  time  without  chau^ ;  but  if  some  powdered  fflass, 
or  any  other  finely-divided  substance  with  sharp  points,  is  introduced 
into  tue  mixed  ^es  at  a  temperature  not  exceeding  660^  Fahrenheit, 
then  the  gases  silently  unite  and  form  water. 

This  curious  mode  of  effecting  their  combination  is  shown  in  a  still 
more  interesting  manner  by  penectly  clear  platinum  foil,  which  if  intro- 
duced into  the  mixed  gases  graduaUy  be^:ins  to  glow,  and  becoming  red- 

le.    Or  still  better,  by  the  method  first 


hot  causes  the  gases  to  exi 

devised  by  Dobereiner,  in  1834,  by  which  finely  prepared  spongy  pla- 
tinum— t.tf.,  platinum  in  a  porous  state,  and  exposing  a  large  metallic 
surface — ^is  sumost  instantaneously  heated  red- Dot  by  contact  with  the 
mixed  gases.  When  this  fact  became  known,  it  was  further  applied  to 
the  construction  of  an  instantaneous  light,  in  which  hydrogen  was  made 
to  play  upon  a  little  ball  of  spongy  platinum,  and  immediately  kindled. 
These  Bobereiner  lamps  were  possessed  by  a  few  of  the  cunous,  and 
would  no  doubt  be  extensively  used  if  the  discovery  of  phosphorus  had 
not  supplied  a  cheaper  and  more  convenient  fire-giving  agent.  When 
the  spongy  platinum  is  mixed  with  some  fine  pipeclay,  and  made  into 
little  piUs,  they  may  (after  being  sliehtly  warmea)  be  introduced  into 
a  mixture  of  trie  two  ^es,  and  wifi  silently  effect  their  union.  The 
theory  of  the  combination  is  somewhat  obscure,  and  perhaps  the  simplest 
one  is  that  which  supposes  the  platinum  sponge  to  act  as  a  conductor  of 
electric  influences  between  the  two  sets  ot  gaseous  particles ;  although, 
asain,  it  is  difficult  to  reconcile  this  theory  with  the  fact  that  powdered 
glass  at  660°,  a  bad  conductor  of  electncity,  should  effect  the  same 
object.  The  result  appears  to  be  due  to  some  effects  of  surface  by 
which  the  gases  seem  to  be  condensed  and  brought  into  a  condition 
that  enables  them  to  abandon  their  gaseous  state  and  assume  that  of 
water. 

When  Sir  H.  Davy  invented  the  safety-lamp,  he  was  aware  that,  in 
certain  explosive  conditions  of  the  air  in  coal  mines,  the  flame  of  the 
lamp  was  extinguished,  and  in  order  that  the  miner  should  not  be  left 
in  tne  dreary  £rkness  and  intricacies  of  the  galleries  without  some 
means  of  seemg  the  way  out,  he  devised  an  ingenious  arrangement  with 
thin  platinum  wire,  which  was  coiled  round  the  flame  of  the  lamp,  and 
fixed  properlv,  so  that  it  could  not  be  moved  from  its  proper  place  by 
any  accidental  shaking.  When  the  fiame  of  the  safety-lamp,  having  the 
platinum  wire  attached,  was  accidentally  extinguished  by  the  explosive 
atmosphere  in  which  it  was  burning,  the  platinum  commenced  glowing 
with  an  intense  heat,  and  continued  to  emit  light  as  long  as  it  remained 
in  the  dangerous  part  of  the  mine.  Sir  H.  Davy  warned  those 
who  might  use  the  platinum  to  take  care  that  no  portion  of  the 
thin  wire  passed  outside  the  wire  gauze,  for  the  obvious  reason 
that,  if  igmted  outside  the  vfire  gauze  protector,  it  would  inflame  the 
fire-damp. 
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Water  is  dcoomposed 
bt   paasiDg   a    carreat 
of    TolUic    electrkitT 
throagh  it  bj  means  of 
two    platinam    pUtcs, 
vMch  ma;  be  conaected 
with  ■  tea-cell  GroTe't 
batteiy.    The  gases  are 
collected    ic     sepanie 
tubes,  and  the   expen- 
ment  offers  one  of  the 
most   iiutractiTC  illos- 
tratioiu  of  the  composi- 
tion of  water.  CFig,125.) 
There  is  a  current  of 
electricity  passing  from 
and  between  two  plati- 
,  nnm  plates  decomposing 
water,  offering  the  con- 
verse of  the  Dobereioer 
Fig.  lu.    1 1.  Two  piaiiniim  piatn  oonnectcd  wtth  experiment,  and  higblj 
irti*.  Willi™.   Th,  wi™  «e  pji«dihrmigh  hole.   sogmstiTft  of  the  proba- 
nwtDg  In^  nrnient  miD]wed  of  redo  imd  Uiiowta  thi    "'^'■S  <>'  ^"^  theorj  al- 
UiitLL.  Two  glut  tubs  fl lied  Hlth  ■!(»  vddnliMil  vlch    readj  advanced    in    ei- 

UKSJ'i-.ti'lSSfiSK'SSt;  p!«.ti.;.of  Ih.  .ins.- 

impmra  the  (ODdiutini!  Hnrer  of  the  wUa.    Thentmar  lar  COmlunBtlOD  of  OIT- 

ih^kMt^>npiuedin^ec^n|mdti>eHTowiiiiowtiie  gen  and  Iijdrogenin  the 
presence  of  dean  plati- 
num foil,  and  more  especially  when  we  consider  the  opention  of  Grove's 
gas  batter;,  in  which  a  current  of  electricity  is  produced  by  pieces  of 
platinmn  foil  covered  withfinely-dividedplatinum,  called  platinum  block; 
each  piece  is  contained  in  a  separate  glass  tube  filled  sltematelj  with 
oxygen  and  hydro^n,  and  by  connecting  a  great  number  of  these  tubes 
a  current  of  electricity  is  obtained,  whilst  the  oxyeen  and  hydrogen  are 
slowly  absorbed  and  disappear,  having  combined  and  formed  water, 
although  placed  in  separate  glass  tubes.     (Fig.  125.) 

The  analysis  of  water  is  shown  very  perlectly  on  the  screen  by  fitting 
np  some  ver;  small  tubes  and  platinum  wires  in  the  same  manner  as 
shown  in  fig.  195.  The  vessel  m  which  the  tubes  and  wires  are  con- 
tained with  the  dilute  sulphuric  acid  must  be  small,  and  arranged  so  as  to 
pass  nicely  into  the  space  usually  filled  b;  the  picture  in  on  ordioaty 
magic  lantern,  or,  etill  better,  m  one  lighted  by  the  oxy-hydrogen  or 
lime  light.  If  the  dilute  acid  is  coloured  with  a  little  solution  of  indigo^ 
the  gradual  dispUcement  of  the  fluid  by  the  production  of  the  two  gases 
is  very  perfectly  developed  on  the  screen  when  the  small  voltaic  batterv 
is  attached  to  the  apparatus ;  and  of  coarse  a  lai^  number  of  persoiu 
may  watch  the  experiment  at  the  same  time. 

With  respect  to  the  application  of  the  light  prodnced  from  a  jet  of 
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Tig.  IK.  Grove'i  Blu  batWrj  comlrU  t>f tabetfuntilniag-oi^EVn  uid  fajdroffeD  &lt«TnaUlT, 
■ndbiTlng  ■  Ifain  pitce  ar  pLUlDota  fbil,  r,  iniarUd  b;  Uia  Blowpipe  In  Buh  glH>  IuIm. 
TM  Ml  huKi  doTD  tin  full  Imath  of  tht  interior  of  the  g]tM.  Encb  piir  of  tube*  it 
oontiined  In  ■  litU*  «]ui  lumblcr  oonUlnliic  wome  dUuie  inlpbiirio  add,  ud  Um 
hjdHneo  tobe.  ii.ofoiMprir,  ie  doimBrted  ■llh  tbe  oijgmlube,  o,  of  the  nat.  ww. 
Ae  termlial  •rini  of  lb*  eerlee. 

the  mixed  gases  thrown  upon  a  boll  of  lime,  it  majr  b«  stated  that  for 
man;  jears  the  dissolriog  rieir  limlcrns  and  other  optical  effects  havn 
been  prodoced  vitli  the  assistance  ot  this  ligkt ;  and  mora  lately  Major 
Fitfmanrice  has  condensed  the  mixed  gases  in  the  old-fashioned  0)1 
eas  receirers,  and  projected  them  on  a  ball  of  lime ;  and  it  was  this 
fight  thrown  from  many  similar  arrangements  that  illaminated  the 
British  men-of-war  when  Napoleon  III.  left  her  Majesty's  jacht  at  night 
in  the  docks  at  Cherboni^. 

Mr.  S;kes  Ward,  of  Leeds,  has  also  prop^ised  a  most  simple  and  excel- 
lent application  of  the  oij-hjdrogcu  ligbt  for  illumination  tader  ths 


flC.  IIT.    ChotonrE. 


boy's  putbook  of  SCIEMOK. 

Mir&ce  of  wftter,  ud  for  the  conreoieMB  (j 

divera,  who  we  frequeaitlj  obliged  to  ceare  their 
operatioiu  in  ooase<^ue&ce  of  the  Taut  of  light. 
Mr.  Ward's  subnutnne  Ump  consists  of  a  snws 
of  verr  stroQg  copper  tabes,  vhich  are  filled 
with  the  miied  gases  bj  mcaiis  of  ■  force-pninp  i 
and  m  order  to  prevent  the  lamp  being  eitui- 
gnished,  it  bums  under  double  glass  ahadci, 
which  are  desirable  in  order  to  prcTent  the  ^«ss 
immediateW  next  to  the  light  cracking  bj  con- 
tact with  the  cold  water. 

The  author  tried  this  lamp  at  Rjdc,  and 
although  the  coast-guards  objected  to  the  pro- 
duction  of  a  brilliant  light  at  night,  whidi  ther 
stated  night  be  mistaken  for  a  signal  and 
would  cause  some  confusion  amongst  the  wv 
vessels  in  the  immediate  neiKhbaurhood,  cnongi 
experiments  were  made,  to  show  that  the  Ward 
lamp  would  bum  for  a  considerable  time  unda 
water,  and  could  be  kept  charged  with  the  gas 
bj  means  of  a  process  that  was  easily  won- 
aMe  in  the  boat.  The  gases  were  taken  out 
miicd  in  gas  bags,  and  pumped  into  the  reser- 
■    _  Z ;,.j      -wr.ii.  . k  I 


FIc.1Ml    ia.TnlMre- 
HTTW  to  boU  Iha  miitd 

I.U.      T,.    Hbj,    IhWt    g\MI  „_,,_,..       ,„ 

ihHk,  bdrl  down  t>T  ■  cu  »<"'aiL,    lii  _         .,    r  ,.  - .,     , 

wid  unw.   0.  The  lemi  suow  them  their  prey,  so  that  the;  ma;  attaa 

^■H  •J«to     11.  Th«  tbe  explosives  which  are  lo  blow  great  boles  bl 


voir  greatei 

nautilus  diving  bells  are  to  be  used  iu  moden 

warfare,  thev  will  require  a  powerful  light  to 


Vie,  1"'    Bubmiriu  Isdp, 
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THE  UQUIFICATION  OF  GASES. 


The  three  elements  with  which  we  have  been  just  experimenting, 
namely,  hydrogen,  oxyeen,  and  nitrogen,  have  up  to  the  last  two  yean 
been  distinguished  by  trie  term  "  permanent  gases" — for  eveiy  effort  to 
rednce  them  to  a  liquid  or  solid  state  had  previously  been  attended  with 
failure.  But  at  the  close  of  the  year  1877  M.  Cailletet,  of  Paris,  and 
M.  Pictet,  of  Geneva,  each  working  independently  of  the  other,  demon- 
strated that  these  three  gases  were  no  exception  to  the  general  law 
of  molecular  cohesion. 

The  first  of  these  gases  which  in  the  hands  of  M.  Pictet  was  made 
to  give  up  its  vaporous  condition  was  oxygen,  and  the  Journal  de 
Gentve  of  Dec.  23, 1877,  thus  refers  to  the  experiments  :— 

"One  of  the  most  interesting  physical  experiments  of  our  time  has 
just  been  made  at  Geneva  with  rare  success  in  the  laboratory  of  the 
Society  for  the  Manufacture  of  Physical  Instruments.  M.  Baoul 
Pictet  has  succeeded  in  obtaining,  by  means  of  ingeniously  combined 
apparatus,  the  licjuifaction  of  oxygen  gas.  The  following  is  the  process 
by  which  this  cunous  result  was  obtained : — 

"By  a  double  circulation  of  sulphurous  acid  and  carbonic  acid,  the  latter 
e;as  is  liquified  at  a  temperature  of  65°  of  cold,  under  a  pressure  of  from 
lour  to  six  atmospheres.  The  liquified  carbonic  acid  is  conducted  into 
a  tube  four  metres  lonff ;  two  combined  pumps  produce  a  barometric 
vacuum  over  the  acid,  wluch  is  solidified  in  consequence  of  the  difference 
of  pressure.  Into  the  interior  of  this  first  tube  containing  solidified 
caroonic  acid  is  passed  a  tube  of  slightly  less  diameter,  in  which 
circulates  a  current  of  oxygen  produced  in  a  generator  containing 
chlorate  of  potash,  and  the  form  of  which  is  that  of  a  large  shell  thick 
enough  to  prevent  all  danger  of  explosion.  The  pressure  may  thus  be 
carried  to  oOO  atmospheres. 

"Yesterday  morning  (December  22)  all  the  apparatus  being  arranged 
as  described,  and  under  a  pressure  which  did  not  exceed  300  atmospheres, 
a  liquid  jet  of  oxygen  issued  from  the  extremity  of  the  tube,  at  the 
moment  when  this  compressed  and  refrigerated  gas  passed  from  that 
high  pressurp^  to  the  pressure  of  the  atmosphere." 

Strangely  enongh  only  twenty  days  before  the  interesting  experiment 
above  detailed  M^  Cailletet  had  in  Paris  accomplished  the  same  thing, 
only  he  had  not  then  published  the  fact.    There  now  remained  only 


pressure  

day  of  the  year  at  Paris,  by  M.  Cailletet.  At  a  pref>8ure  of  200 
atmospheres  nitrogen  appHsand  in  ths  'Mquid  form.  Hydrogen  was 
next  experiment  with,  and  was  reduced  to  the  form .  of  a  cloud. 
AlthougQ  both  the  constitu^ts  of  the  atmosphere — oxvgen  and 
nitrogen— "bad  be^n  made  to  suteumb,  as  a  matter  of  scieiitinc  interest 
the  apparatus  was  charged  with  air,  and  presently  a  stream  of  liquid 
air  was  seen  issuing  from  it. 

K  8 
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CHAFTER  XI. 

CHLOSINB,  IODINE,  BBOIONE,  FLUOBIVE. 

The  four  Haiogeiu,  or  Producen  of  Subttaneet  like  Sea  Salt. 

Chlorine  {x^tapos^  ffreen).  Symbol,  CI.  Combining  proportioii,  S5*5. 
Specific  gnivitj,  2'47.  ocbeele  termed  it  dephlogisticated  mnrutic 
acid ;  Lavoisier,  oxymariatic  acid ;  Davy,  chlorine. 

The  consideration  of  the  nature  of  this  important  element  introduces 
to  our  notice  one  of  the  most  origimd  cnemists  of  the  eighteenth 
century — viz.,  the  illustrious  Scheele,  who  was  bom  at  Stralsund,  in  1742, 
and  in  spite  of  every  obstacle,  fighting  his  "battle  of  life"  with  sickness 
and  sorrow,  he  succeeded  in  making  some  of  the  most  valuable  dis- 
coveries in  science,  and  amongst  them  that  of  chlorine  gas.    It  was  in 
the  examination  of  a  mineral  solid — viz.,  of  manganese — ^that  Scheele 
made  the  acquamtance  of  a  new  f;aseous  element;  and  in  a  highly 
original  dissertation  on  manganese,  m  1774,  he  describes  the  mode  of 
procuring  what  he  termed  aepklogisticaied  muriatic  acid — a  name  which 
IS  certumy  to  be  regretted,  from  its  absurd  lenfi;th,  but  a  title  which 
was  strictlgr  in  accordance  with  the  then  established  theory  of  phlogiston ; 
and  if  the  latter  is  considered  synonymous  with  hy(m)gen,  auite  in 
accordance  with  our  present  views  of  the  nature  of  tnis  dement. 
Scheele  discovered  the  leading  characteristics  of  chlorine,  and  especiallj 
its  power  of  bleaching,  which  is  alone  sufficient  to  place  this  gas  in  a 
nigh  commercial  position,  when  it  is  considered  that  all  our  linen  used 
formerly  to  be  sent  to  Holland,  where  thev  had  acquired  mat  dexterity 
in  the  ancient  mode  of  bleaching — ^viz.,  by  exposure  of  the  fabric  to 
atmospheric  air  or  the  action  of  tne  damps  or  dews,  assisted  greatly-  by 
the  agency  of  light.    Some  idea  may  be  formed  of  the  present  value 
of  chlorine,  when  it  is  stated  that  the  linen  goods  were  retained  bj  the 
Dutch  bleachers  for  nine  months ;  and  if  the  spring  and  summer  hap- 
pened  to  be  favourable,  the  operation  was  well  conducted;  on  the  other 
nand,  if  cold  and  wet,  the  goods  might  be  more  or  less  injured  by  con- 
tinual exposure  to  unfavourable  atmospheric  chances.    At  the  present 
time,  as  much  bleaching  can  be  done  in  nine  weeks  as  might  fonneriy 
have  been  conducted  in  the  same  number  of  months ;  and  the  whole  of 
the  process  of  chlorine  bleaching  is  carried  on  independent  of  external 
atmospheric  caprices,  whilst  the  money  paid  for  the  process  no  longer 
passes  to  Holland,  but   remains  in  the  hands  of  our  own  diligent 
oleachers  and  manufacturers. 

Firtt  Experiment, 

As  Scheele  first  indicated,  chlorine  is  obtained  by  the  action  of  the 
black*  oxide  of  manganese,  on  "the  Spirit  of  Salt,"  or  hydrochloric 
acid ;  and  the  most  elementary  and  instructive  experiment  snowiag  its 
preparation  can  be  made  in  the  following  manner:— 
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Place  in  a  clear  Florence  oil-flask,  to  which  a  cork  and  bent  tube  have 
been  first  fitted,  some  strong  fuming  hydrochloric  acid.  Arrange  the 
flask  on  a  ring-stand,  and  then  pass  the  bent  tube  either  to  aWolfe's 
bottle  containinp^  some  pumice  stone  moistened  with  oil  of  yitriol^  or  to 
a  glass  tube  containing 
either  pumice  or  as- 
bestos wetted  with  the 
same  acid.  Another 
glass  tube,  bent  at 
right  angles,  passes 
away  from  the  Wolfe's 
bottle  into  a  receiving 
bottle.  (Fig.  130}.  On 
the  application  01  heat, 
the  hydrochloric  gas  is 
driven  off  from  its  so- 
lution in  water,  and 
any  aqueous  vapour 
carried  up  is  retamed 
by  the  asbestos  or  pu- 
mice   stone      wetted      «.  ,-«    .  ™  ^v *  i  •     *v   *.  i     t._.    i..  _i 

^ux,  ^'1  ^f  ^.u-:^i  *k*  'hT*  1*>'  <*.  xUtk  eontainiiur  the  flaming  hjdroohlorio 
With  oil  Of  Vltnol ;  the  add,  which  ii  gentlj  boiled  bftbe  heat  dfthe  qilrit  lamp, 
application  of  the  lat-  >•  Tabe  panixig  to  the  Wolfe^c  bottle,  oonteinlng  pumice- 
♦oW  !•  naUt^  Amuim/i  ih*  ■****•  **'  Mbeitoe  moistened  with  ralphtulo  add.  c. 
ter  IS  callea  Or^ng  thf    g,^,^  ^^  p„^  into  a  dry  empty  bottle,  which  reodrce 

//aS'^i.e.,  depnvmg  it  the  hTdroehlorio  add  gae. 
of  all  moisture ;  some- 
times the  salt  called  chloride  of  calcium  is  used  for  the  same  purpose,  and 
it  must  be  understood  by  the  juvenile  chemist  that  gases  are  not  dried 
like  towels,  by  exposure  to  heat,  or  by  putting  tkem  in  bladders  before  the 
Jire,  as  we  once  heard  was  actually  recommended,  but  by  causing  the  gas 
charged  with  invisible  steam  to  pass  over  some  substance  having  a  great 
affimty  for  water.  The  dry  hydrochloric  gas  fiJls  into  the  bottle,  ana  dis- 
places the  air,  being  about  one-fourth  heavier  than  the  latter,  and  gradu- 
ally overflowing  from  the  mouth  of  the  vessel,  produces  a  white  smoke, 
which  is  found  to  be  acid  by  litmus  paper,  but  has  no  power  to  bleach, 
and  is  not  green ;  it  is,  in  fact,  a  combination  of  one  combining  pro- 
portion of  cmorine  with  one  of  hydrogen,  and  to  detach  the  latter,  and 
set  the  chlorine  free,  it  is  necessary  to  convey  the  hydrochloric  gas  to 
some  body  which  has  an  affinity  for  hydrogen.  Such  a  substance  is 
provided  in  the  use  of  the  black  oxide  of  manganese,  which  is  pktced 
either  in  a  small  flask  or  in  a  tube  provided  with  two  bulbs,  ana  when 
heated  with  the  lamp  it  separates  tlie  hydrogen  from  the  hydrochlorio 
gas,  and  forms  water,  whicn  partly  condenses  in  the  second  bulb.  And 
now  the  gas  that  escapes  is  no  longer  acid  and  fuming  with  a  white 
smoke  on  contact  with  the  air;  but  is  green,  has  a  strong  odour, 
bleaches,  and  is  so  powerful  in  its  action  on  all  living  tissues,  that  it 
must  be  carefully  avoided  and  not  inhaled ;  if  a  small  quantity  is  acd- 
dcmtally  inhaled,  it  produces  a  violent  fit  of  coughing,  which  lasts  a 
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oonaiderable  tune,  and  is  odIt  abated  hj  inli^ling  tbe  dflnled  fipoor  of 
ammonia,  or  ether,  or  alcoliol,  and  swallowing  milk  and  other  •tiUmminm 
drinks.  (Fig.  131). 


M 


o 


ftg.  ISL  A.  Tha  flwk  eoatalnliig  ttw  fanliMr  hydroeUoric  «dd,  Mitod  by  ipirft  Im»>. 
B.  Tube  pMting  to  WotftTft  bottle,  cantdnfatf  ilio  pamke-ftona  or  tab«to«  netted  «» 
oD  of  Titnol.  a  Second  tabe,  wbich  peiMB  mto  a  wid^^noathed  null  fleak  oaatihdag 
bUck  oxide  of  mangancee,  partly  in  powder  and  paitlT  in  lump  x  and  the  third  tafae 
oonTcya  the  chlorine  to  any  oooTenient  veaaeL  The  double  bulb  tabe,  a  ■,  mar  be  aobeti- 
tated  for  the  flaak,  the  oxioe  of  manganeae  bdng  contained  in  the  bulb  k.— N.B.  Any  tube 
may  be  Joined  on  to  another  by  a  bit  of  india-rubber  tailing,  whi<^  ia  tied  bj  atring. 

A  C  B 


Tnbe  a  ia  Joined  to  tube  a  by  the  eaootchooo  pipe  c,  tied  with  pafikthzead. 

Second  JExperimeiU. 

'  The  mode  of  preparing  chlorine,  as  already  given,  though  Terr  in> 
structive,  is  troublesome  to  perform ;  a  more  simple  process  maj  there- 
fore be  described : — 

Pour  some  strong  hydrochloric  acid  upon  powdered  black  oxide  of 
manganese  contained  in  a  Florence  oil-flasK,  taking  care  that  the  whole 
of  the  black  powder  is  wetted  with  the  acid  so  that  none  of  it  clings  to  the 
bottom  of  the  flask  in  the  diy  state  to  cause  the  ^lass  to  crack  on  tbe 
application  of  heat.  A  cork  and  bent  glass  tube  is  now  attached,  and 
coiiTeyed  to  the  pneumatic  trough ;  on  the  application  of  heat  to  the 
mixture  in  the  flask  the  chlorme  is  evolyeo,  and  may  be  ooUected  iu 
stoppered  bottles,  the  first  portion  that  escapes,  although  it  contains 
atmospheric  air,  should  be  carefully  collected  in  order  to  prevent  any 
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accident  from  inlialu«  the  gas,  and  it  will  do  very  well  to  illustrate  the 
bleaching  power  of  the  gas,  and  therefore  need  not  be  wasted.  The 
above  process  may  be  described  in  symbols,  all  of  which  are  easily  deci- 
phered by  reference  to  the  table  of  elements,  page  86. 

Mn03+fflCl=MnCl,+2H30+Cl, 

TMird  Bxperimeni. 

Another  and  still  more  expeditious  mode  of  preparing  a  little  chlorine, 
18  by  placing  a  small  beaker  glass,  containing  half  an  ounce  of  chlorinated 
lime,  usually  termed  chloride  of 
lime  or  bleaching  powder,  care- 
fully at  the  bottom  of  a  deep  and 
large  beaker  fflass,  and  then,  by 
means  of  a  tuoe  and  funnel,  con- 
veying to  the  chloride  of  lime 
some  dilute  oil  of  vitriol,  com- 
pc«ed  of  half  acid  and  half 
water ;  effervescence  immedi- 
ately occurs  from  the  escape  of 
<^orine  gas,  and  as  it  is  pro- 
duced it  falls  over  the  sides  of 
the  snudl  beaker  glass  into  the 
large  one,  when  it  may  be  dis- 
tinguished by  its  green  colour. 
If  a  little  gas  be  dipped  out  with 
a  verv  small  beaker  glass  ar- 
ranged as  a  bucket,  and  poured 
into  a  cylindrical  glass  contain- 
ing some  dilute  solution  of  in- 
diso,  and  shaken  therewith,  the 
colour  disappears  almost  instan- 
taneously; and  if  a  piece  of 
Dutch  metal  is  thrown  into  the 
beaker  glass  it  will  take  fire  if 

enough  chlorine  has  been  gene-    pjg.  132.    a  a.  The  large  beaker  glMs. 
rated,  or  some  very  finely -pOW-  The  imall  one^  oontainUur  the  chloride  of  li 

dprpdantimoTiv  will  demonstrate  0.  The  tube  and  ftixmel  down  wUch  the  dOnte 
aerea  antimony  wmoemonsiraic  ^^^^  ^^  ^  poanL    d  b.  Sheet  of  paper 

the  same  resiut.     Thus,  WltU  a  over  top  of  )axg9  glaaa,  with  hole  in  centre  to 

few  beaker  glasses,  some  chlo-  admittfie tube.  «.  The  utue  beaker  used  as  a 
ride  of  lime,  sulphuric  acid,  a**^"** 

solution  of  indigo,  and  a  little  Dutch  metal,  the  chief  properties  of 
chlorine  may  be  displayed.  (Fig.  132.) 

Fourth  Experimeni. 

Into  a  little  platinum  spoon  place  a  small  pellet  of  the  metal  sodium, 
and  after  hiaiiting  it  in  the  flame  of  a  spirit  lamp,  introduce  the  metal 
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into  a  bottle  of  chlorine,  when  a  most  intense  and  brilliant  combustion 
occurs,  throwing  out  a  vivid  yellow  light,  and  the  heat  is  frequently  so 
mat  that  the  bottle  is  cracke^.  After  the  combustion,  and  when  the 
bottle  is  cool,  it  is  usually  Imed  with  a  white  powder,  which  will  be 
found  to  taste  exactly  the  same  as  salt,  and,  in  fact,  is  that  substance^ 
produced  by  the  comoination  of  chlorine,  a  virulent  poison,  with  the 
metal  sodium,  which  takes  fire  on  contact  with  a  small  quantitj  of 
water ;  and  hence  the  use  of  salt  for  the  preparation  of  cmorine  gas 
when  it  is  required  on  the  large  scale. 

Parte 

Common  salt 4 

Black  oxide  of  manganese  ....  1 

Sulphuric  acid 2 

Water 2 

Fifth  Experiment. 

Some  Dutch  metal,  or  powdered  antimony,  or  a  bit  of  phosphoniB^ 
immediately  takes  fire  when  introduced  into  a  bottle  contaimn^chloruie 
eas,  forming  a  series  of  compounds  termed  chlorides,  and  demcmstrating 
by  the  evolution  of  heat  and  light,  the  energetic  character  of  chlomie^ 
and  that  oxygen  is  not  the  only  supporter  of  combustion ;  chlorine 
gpBS  has  even,  in  some  cases,  greater  chemical  power,  because  some 
time  elapses  before  phosphorus  will  ignite  in  oxygen  gas,  whilst  it  takes 
fire  directly  when  plaoea  in  a  bottle  of  chlorine. 

Sixth  Experiment. 

The  weight  and  bleaching  power  of  chlorine  are  well  shown  by  placing 
a  solution  of  indi^  in  a  tall  cylindrical  glass,  leaving  a  space  at  the 
top  of  about  five  inches  in  depth.  By  inverting  a  bottle  of  chlorine 
over  the  mouth  of  the  cylindrical  glass,  it  pours  out  like  water,  being 
about  two  and  a  half  times  heavier  tnan  atmospheric  air,  and  then,  ^Stex 
placing  a  ground  glass  plate  over  the  top  of  the  glass,  the  chlorine 
IS  recognised  by  its  colour,  whilst  the  bleaching  power  is  demonstrated 
immediately  the  gas  is  shaken  with  the  indigo  solution. 

Seventh  Experiment. 

• 

As  a  good  contrast  to  the  last  ex|)eriment,  another  cylindrical  jar  of 
the  same  size  may  be  provided,  containing  a  solution  of  iodide  of  potas- 
sium with  some  starch,  obtained  by  boiling  a  teaspoonful  of  arrowroot 
with  some  water ;  any  chlorine  left  in  the  bottle  (sixth  experiment)  may 
be  inverted  into  the  top  of  this  glass  and  shaken,  when  it  turns  a  beautiful 
purple  blue  in  consequence  of  the  liberation  of  iodine  by  the  chlorine, 
whose  greater  affinity  for  the  base  produces  this  result.  The  colour  is 
caused  by  the  union  of  the  iodine  and  the  starch,  which  form  together  a 
beautiful  purple  compound,  and  thus  the  apparent  anomaly  of  destroying 
and  producing  colour  with  the  same  agent  is  explained. 
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r  tiatn  ounces  of  fusM 


SiffUi  Etperiment. 

Drj  chlorine  dow  not  bleach,  and  this  fact  is  easily  proved  by  tJikine 

»  perlecUj  dry  bottle,  and  pntUng  into  it  two  or  "- "- 

chloride  of  calcium  broken 
in  Bin^  lumps,  then  if  a 
bottle  full  of  chlorine  ia 
inverted  over  the  one  coti- 
taining  the  chloride  of  cal- 
cium, taking  the  precau- 
tion to  airan^  a  fev 
folds  of  blotting  paper 
nith  a  hole  in  the  centre 
on  the  top  of  the  latter  to 
catch  any  water  that  may 
run  ont  of  the  chlorine 
bottle  at  the  moment  it  is 
i  averted,  the  gas  will  be 
dried  by  contact  with  the 
chloride  of  calcium,  and 
if  a  piece  of  paper,  with 
the  word  ehlonne  written 
on   it  with    indi™    and      py.  1S3.    i  *.  Drj  u 

Sreviously  mode  hot  and  aldoin.   ■.  Bottle  oTchlorin*.  Tb*> 
»  ;.  ..■•Hul  \r,  thp  r\i\n,  KM.    «  D-  Tht  UaiUng-ionr,  to  Mich  tm  intiB  ftom 
Pf,  IS  placed  in  the  cmo-  g^ ^^^  ^    ^  jhe  foSHiiMi.  ooSaiMbiiBt  th. 
line,  no  change  occurs,  ^ya. 
but  directly  the  paper  is 

remored,  dipped  in  water,  and  placed  in  a  bottle  of  damp  chlorine,  the 
colour  immediately  disappears.  (Fix.  133.) 

This  experiment  shows  that  chlorine  is  only  the  means  to  the  end, 
and  that  it  decomposes  water,  setting  free  oxygen,  which  is  su[)|>09cd  tu 
eiert  a  high  bleacliiog  power  it  its  natcent  stale,  a  couditiou  which  many 
gases  ore  imagined  to  assume  just  before  thej  take  the  gaseous  etatc,  u 
sort  of  intermediate  link  between  the  solid  or  fluid  and  tlic  gaseous  con- 
dition of  matter.  The  nascent  state  may  possiblv  be  that  of  oione,  lo 
which  we  have  alnady  alluded  u  a  powerful  bleaching  agent. 


NiiUkExperiMfnt. 

A  piece  of  paper  dipped  in  oil  of  turpentine  emits  a  dense  black 

siuoke,  and  frequently  a  flash  of  fire  is  perceptible,  direotly  it  is  plunged 

into  a  bottle  containing  chlorine  gas ;  here  the  gas  combines  only  with 

Ihe  hydrogen  of  the  turpentine,  and  the  carbon  is  deposited  as  soot. 

TeiUkBxp«riaeHl. 

Tf  a  lijihted  taper  is  plunged  into  a  bottle  of  chlorine  it  conlinnes  id 

bnm,  emitting  an  enormous  quantity  of  smoke,  for  the  reason  olreadr 

eiplained,  ana  demoastnting  the  perfection  of  the  atmosphere  in  wliicli 
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we  lire  »nd  breath,  wid  showing  lUt  had  ojjgen  gas  powwaed  the 
aame  properties  as  chlorine,  the  combustion  of  compounds  of  hydrogen 
and  carbon  would  hare  been  impossible,  in  eonsaqoence  of  the  eawmons 
quanti^  of  soot  which  would  have  been  produced,  so  that  some  other 
element  that  would  freely  enter  into  combinaUon  with  it  mast  haye 
been  proTided  to  produce  "both  artificial  light  and  heat.  Chlorine  w  a 
gas  whioh  cannot  be  inhaled,  and  oione  presents  the  same  leatnm.  Ma 
mouse  cxmfined  for  a  short  time  with  an  excess  of  oione  soon  died ;  bat 
ozone  Is  the  extraordinai;  oouditun  of 
oiTgen :  the  element  in  the  ordinaij  stale 
b  narmiess,  and  is  the  one  which  enteis 
so  largely  into  the  con^>oaitioB  of  the  air 

^  SevenH  Experiment. 

When  one  Tolume  of  oteGant  gas  (pre- 
pared by  boiling  one  measure  of  alcohol 
and  three  of  sulphuric  add)  is  mixed 
wiUi  two  volumes  of  chlorine,  and  tbe  two 
gases  agitated  together  in  a  long  glass  ves- 
sel for  a  few  seconds,  with  a  glass  plate 
over  tbe  top,  which  should  have  a  wdt 
ground  perfectly  flat,  the;  nnite  on  the  m- 
plicatioa  of  flame,  with  the  production  of  a 
great  cloud  of  black  smoke,  arising  &om 
the  deposited  carbon,  whilst  a  sort  of 
roaring  noise  is  heard  during  the  time 
that  the  flame  passes  from  the  top  to  the 
foot  of  the  glass.  (Fig.  134.) 

Tieelfli  Erperimtnl. 
Formerly  Bandannab  handkenducb 
were  in  the  highest  estimation,  and  no 
gentleman's  toilet  was  thought  complete 
without  one.  The  pattern  was  of  the 
simplest  kind,  consisting  only  of  white 
spots  on  a  red  or  other  coloured  ground. 
.-^-  These  spots  were  produced  in  a  tot  in- 

"-  V ._  genioua  manner  by  Messrs.  Uonteith,  of 

.-==.__:__  Glasgow,    bj  pressing    together    many 

~  layers  of  silk  with  leaden  plates  perforated 

rig.  IM.   Bcmukibl*  dipotttkm  With  holes ;    a  solution  of  chlorine  wa» 

of  cutHD  iariag  ihe  ambwrtioQ  d(  ((jg^  poured  upon  the  upper  plate,  and 

™jTOI^otoftfl»t<«wiOi«o  pressure  being  appUed  it  penetrated  the 

whole  muss  in  the  dirertion  of  the  holes. 

bleaching  out  the  colour  in  its  passage.    This  important  commenail 

result  may  be  imitated  on  the  small  scale  hy  placing  a  piece  of  calico 

dyed  with  Turkey  red  between  two  thick  pieces  of  board,  each  of  whicb 
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ii  perforated  with  b  hole  two  mclies  in  diameter,  and  coirespondiDC 
Bccuratelj  when  ono  ia  placed  npon  the  other.  The  mecea  of  boara 
maj  be  -soaeeted  together  in  any  coDveDient  vay,  eitner  hj  weights, 
Btioiw  Tucsoiied  india-nibber  bands  or  screvs,  and  nhen  a  strong 


the  hole  and  pei 
lates    throngh     the   . 
doth,  the  colour  is 
remored,    aod    the 
part  ia  bleached  al-  '- 
most  instantaneoTuI;  : 
bj  first  wettioK  the 
calico  with  a  little 
weak  acid,  and  then 
poimiuF  on  the  mIu- 

tinn  of  ehloride  of  ^-  '»■  *-  CImilur  tula  Id  ths  nppn  pl««rf  "ooil.  • 
non  oicmanaooi  ,1,^  „,  ^,in,  p,rftiTited  to  U«  lower  om.  i  ■.  Tha  moii; 
Ume.     Un  removing  bdl^nibba  bsidi.    TbabliuhiiigKlntiaiiiiiaimilliiioi 

and  washii^  the  fol- 
ded red  cahco  it  is  found  to  be  bleached  in  al!  the  places  exposed  to  the 
solution,  and  is  now  coTered  with  white  spotj.  (Fig.  13S.} 


Iodine  (luS^c,  violet  colonred}.  Symbol,!;  combining  piopoHion, 
127'0 ;  specific  gravity,  4-917-  Specific  grarity  of  iodine  vapour,  8716. 

In  the  preriooa  chapter,  devoted  to  the  element  chlonne,  little  or 
nothing  has  been  said  of  that  incihaDstible  storehouse  of  chlorine, 
iodine,  and  bromine — viz.,  the  bonndleas  ocean.  Some  one  has  remarked 
that,  as  it  is  possible  the  air  may  contain  a  little  of  ererytbing  capable 
of  nMiiminp  flie  gascous  form,  so  the  ocean  may  hold  in  a  state  of  solu- 
tion a  modicum  of  every  soluble  eabstance,  in  proof  of  which  we  have 
lately  reed  of  some  veiy  important  experiments  resnlting  in  ths  separa^ 
tion  of  the  metal  silver  from  sea  water,  not  certainly  in  any  profitable 
qnantity,  bat  qoite  enooBb  to  prove  its  presence  in  the  ocean. 

No  elaborate  research  u  necessary  to  ascertain  the  presence  of  chlorine, 
when  it  is  remembered  that  Schafhautl  has  calculated,  that  all  the  ooeaos 
on  the  globe  contain  three  milliona  Gfty-one  thousand  three  hundred  and 
forty-two  cubic  geographical  miles  of  salt,  or  about  five  times  more  than 
the  mass  of  the  Alp*. 

Now,  aalt  contams  about  60  per  cent,  of  chlorine  gas,  and  therefore 
the  bleachers  can  never  stand  still  for  wont  of  it ;  but  iodine  is  not  so 
plentiful,  and  was  discovered  by  M.  Courtois,  of  Paris,  in  ielp,  a  sub- 
stance from  which  he  prepared  carbonate  of  eoda,  or  washing  soda ;  but 
as  this  is  now  marc  cheaply  prepared  from  common  salt,  the  kelp  is  at 
present  required  only  for  the  iodine  salts  it  contains,  as  also  tor  the 
chloride  of  potauium.  Kelp  is  obtained  by  burning  dried  aea-weeds  in  a 
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shallow  pit ;  the  ashes  accaroulate  and  melt  together,  and  this  fused  mass 
broken  into  lumps  forms  kelp.  The  ocean  bed  no  doubt  has  its  fertile  and 
barren  plains  and  mountains,  and  amongst  the  so-called  ''oceanic 
meadows"  are  to  be  mentioned  the  two  immense  gronps  and  bands  of 
sea-weed  called  the  Sargasso  Sea,  which  occupy  altogether  a  space 
exceeding  six  or  seven  times  the  area  of  Germany. 

The  iodine  is  contained  in  the  largest  proportion  in  the  deep  sea 
plants,  such  as  the  long  elastic  st«ms  of  the  fucus  palmatns,  &c.  The 
xelp  is  lixiviaied  with  water,  and  after  separating  all  the  crystal  limbic 
salts,  there  remains  behind  a  dense  oily-looking  fluid,  called  **  iodine 
ley,"  to  which  sulphuric  acid  is  added,  and  after  standing  a  day  or  tvo 
the  acid  "ley"  is  placed  in  a  large  leaden  retort,  and  heated  eently 
with  black  oxide  of  manganese.     The  chlorine  being  prodncea  Tciy 

slowly,  liberates  the  iodine,  as  already  de- 
monstrated in  experiment  seven,  p.  133, 
and  it  is  collected  in  glass  receivers. 
Iodine,  when  quite  pure  and  well  crys- 
4  tallized,  has  a  most  beautiful  metallic  Inste, 
and  presents  a  bluish-black  colour,  afford- 
ing an  odour  which  reminds  one  at  once 
of  the  "  sea  smell." 

First  Experiment, 

A  few  grains  of  iodine  pkced  in  a  flask 
may  be  suolimed  at  a  very  gentle  heai,  and 
afford  a  magnificent  violet  vapour,  which 
can  be  poured  out  of  the  flask  into  a  warm 
bottle.  If  the  bottle  is  cold  the  iodine 
condenses  in  minute  and  brilliant  cirstals. 
(Tig.  136.) 

Second  Experiment. 
Sig-^uTT  Fi«k  cmtaining  ,  ^pon  f  thin  slice  of  phosphorus  place  a 

iodine  heated  by  spirit  lamp.    b.  lew  small  particles  01  looine ;  the  heat  pro- 
Cold  flask  above  to  f^^*  *^|  duccd  by  the  combination  of  the  two  ele- 

tooS'oir^*  httdftom  the  spirit  "lents  soon  causes  the  phosphorus  to  take 
lampb  fire. 

Third  Experiment. 

Heat  a  brick,  and  then  throw  upon  it  a  few  trains  of  iodine ;  by 
holding  a  sheet  of  white  paper  behind,  the  splendid  violet  colour  of  the 
vapour  is  seen  to  great  advantage.  It  was  by  the  discovery  of  iodine  in 
the  ashes  of  sconce — ^which  had  long  been  used  as  a  remedy  for  goitre,  a 
remarkable  glandular  swelling — that  this  element  beean  to  be  used  for 
medical  purposes,  and  the  important  salt  called  iodide  of  potassium  is 
now  used  in  large  quantities,  not  only  in  medicine,  but  likewise  for  that 
most  fascinating  art,  which  has  made  its  way  steadily,  and  is  now 
practised  so  extensively,  under  the  name  of  photography 
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In  the  year  1656,  a  philosopher  named  Fabricias,  in  his  "Book  of 
the  Metals,"  recorded  the  fact  that  if  an  image  from  a  lens  were  allowed 
to  fall  upon  a  surface  of  **iuna  eomea"  or  horn  silrer,  that  image 
printed  itself  in  black  and  white.  This  horn  silver  is  the  old  term  for 
chloride  of  silver,  the  precipitate  which  occurs  when  a  solution  of 
common  salt  (chloride  of  sodium)  is  mingled  with  a  solution  of  nitrate 
of  silver.  The  preparation  of  this  compound  is  verj  easy,  and  we  can 
easily  prove  for  ourselves  that  when  it  is  exposed  to  sunlight  it  speedily 
changes  from  light  to  dark. 

From  this  rdatively  unimportant  chemical  change  has  sprung  the 
beautiful  art  of  photography,  an  industr^r  which  finds  workers  in  every 
part  of  the  habitable  globe,  and  which  pyes  employment  to  thousands 
of  busy  brains  and  hands.  The  invention  of  the  "  art  science,"  as  its 
votaries  in  justice  dignify  it,  cannot  very  well  be  credited  to  any  one 
man,  for  many  workers  contributed  to  it.  And  it  must  be  noted  that 
many  of  these  experimenters  almost  unconsciously  added  their  mite  to 
the  general  result.  For  in  their  restless  search  after  the  secrets  of 
the  natural  world,  they  recorded  facts  which  have  proved  of  immense 
service  to  the  photographer,  but  which  had  not  been  sought  after  with 
that  object.  For  many  of  the  properties  of  certain  chemicals  were 
discovered  and  passed  over  as  unimportant  hj  the  old  alchemists,  who 
may  be  said  to  nave  considered  everything  unimportant  which  did  not 
point  towards  their  onlv  goal — ^the  transmutation  of  the  baser  metals 
into  those  of  greater  value.  The  action  of  light  upon  silver  chloride  is, 
however,  the  most  important  contribution  to  photography  that  was 
made  until  quite  recent  years. 

Another  discovery,  or  invention,  which  must  also  be  noted  as  an 
important  link  in  the  chain  which  was  ^adually  being  forged,  and  which 
only  wanted  some  clever  artificer  to  join  it  together  and  call  it  photo- 
graphy, was  that  of  the  camera  obscura.  This  invention  is  credited  to  an 
Italian  philosopher  of  the  16th  century.  He  observed  that  if  a  lens 
were  fitted  into  a  hole  in  the  shutter  of  a  darkened  room,  a  picture  of  all 
that  was  passing  outside,  was  formed  upon  the  opposite  wall  of  the 
room,  or  upon  a  white  screen  placed  for  its  reception. 

In  walking  beneath  the  shade  of  trees  on  a  sunny  summer's  day,  who 
has  not  noticed  the  little  rays  of  light  which  find  their  way  through  the 
interstices  of  the  leaves  overhead,  and  strike  upon  the  roadway  in 
circular  patches  ?  We  are  so  accustomed  to  see  these  little  spots  of 
light  that  we  do  not  stop  to  inquire  why  they  should  be  round,  when  the 
chinks  in  the  foliage  through  which  they  find  their  way  are  necessarily 
of  varied  and  irregular  form.  The  answer  to  the  problem  will  no  doubt 
strike  many  with  surprise.  Each  of  those  little  circular  patches  is  no 
less  than  an  image  ot  the  round  sun  itself.  The  darkened  grove  of  trees 
forms  a  rudimentary  camera  obscura,  and  the  spaces  between  the  leaves 
where  they  allow  the  sun's  rays  to  penetrate  are  equal  to  so  many  lens 
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apertures.  To  imitate  the  phenomenon  in  a  small  way,  we  can  pierce  a 
piece  of  cardboard  with  a  knitting  needle,  and  hold  it  against  a  candle 
flame,  when  the  inverted  image  of  the  flame  can  be  projeet^l  upon  another 
card  held  near.  A  more  convenient  form  of  camera  obscura  can  be 
made  ont  of  a  dgar  box,  by  inserting  a  lens  at  one  end,  and  a  piece  of 
ground  glass  at  the  other  end,  taking  due  care  that  the  lens  ia  adapted 
to  the  length  of  the  box. 

The  camera  obscnra  was  at  one  time  a  very  favourite  and  ooomoa 
piece  of  apparatus.  A  room  built  for  the  purpose  was  often  attached  to 
country  houses.  It  was  also  to  a  certain  extent  used  by  artists  as  a 
help  to  correct  drawing.  It  was  one  of  these  artists — ^Daguerre,  a 
Parisian  scene-painter — ^who  was  destined  to  be  one  of  the  first  to  point 
out  how  the  camera  could  be  made  to  yield  a  photograph.  Dav  by  day, 
he  saw  the  lovely  pictures  cast  in  all  their  natural  colours  on  tne  screen 
by  the  son;  and  as  he  saw  them  he  wondered  whether  some  means  oouid 
not  be  found  of  preserving  them  indefinitely.  He  was  soon  deep  in 
experiments;  but  he  faileid  over  and  over  again.  At  last,  a  n 
accident  directed  him  on  the  ri^ht  track.  He  accidentally  left  a  ail 
plate  which  had  been  treated  with  iodine,  and  exposed  in  the 
near  a  bottle  of  mercury.  To  his  surprise  and  joy,  he  found  traoes  of  a 
picture  on  the  plate ;  and  a  few  more  experiments  quickly  UAd  him  bow 
such  pictures  could  be  produced  at  wilL 

The  Daguerreotype  process,  the  outcome  of  these  expeiiments,  maybe 
briefly  described  as  follows : — A  plate  of  silvered  copper  after  beii^ 
carefully  cleaned  is  placed  in  a  box  with  some  crystals  of  iodine.  By 
this  means,  its  surface  becomes  coated  with  a  yellow  ooverinff  of  iodide 
of  silver.  It  is  then  exposed  in  the  camera,  where  the  light  decomposes 
the  iodide.  Bat  there  is  no  visible  change  m^til  the  plate  is  developed 
by  exposure  to  the  vapour  of  mercury.  The  mercurial  fumes  condense 
upon  those  parts  where  the  light  has  acted,  and  avoid  those  still  ooTcred 
bv  the  unaltered  iodide  of  nlver.  The  plate  is  finally /Eanstf  by  n  adntion 
of  hyposulphite  of  sodium.  (The  discovery  of  this  aslt  as  a  fixing  agent 
— a  most  miportaat  one,  by  the  way— >is  due  to  a  countryman  of  our 
own.  Sir  John  HersohelL) 

While  Daguerre  was  busy  with  his  experiments^  another  EreBohnsaa, 
by  name  Ni^pce,  was  striving  hard  to  obtau  the  same  end  bv  other  means. 
He  was  experimenting  with  a  substance  called  bitumen  of  Judaea,  which 
when  exposed  to  light  becomes  insoluble  in  liouids  such  as  naphtha,  in 
which,  under  other  oiicnmstances,  it  easily  dissolves.  It  is  not  neceosaiy 
to  deaaribe  his  operations^  suffice  it  to  say,  that  he  and  Daguene  beeaaie 
acquainted,  and  nnally  they  entered  into  partnership  wi^  one  another. 
9e  died  just  at  the  time  that  Daguerre  haa  triumphed  over  all  diffloaltiBa, 
and  had  produced  a  photographic  picture. 

In  the  meantime  fox  Tfubot,  an  English  gentleman,  was  working  at  the 
pffobkm  of  obtaining  sua  pictures  by  means  of  silver  chloride  on  paper. 
He  tmated  ordinary  writing  paper  with  a  solution  of  common  sadt^  amr- 
wards  washing  it  over  with  silver  nitrate.    By  this  means  he  obtuned 
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I  sensitive  surface  which  speedily  blackened  nnder  light ;  and  by  phicing 
fern  leaves,  pieces  of  lace,  and  the  like  above  such  a  surface,  he  obtained 
beautiful  images  of  such  things — white  on  a  black  ground.  By  taking 
one  of  these  prints,  and  placing  a  sensitive  sheet  ot  paper  below  it,  he 
obtained  other  copies,  as  many  as  he  wished—black  on  a  white  ground. 
The  first  he  called  a  wgaiive,  and  the  second  a  positive ;  and  these  terms 
are  employed  in  photography  to  the  present  day. 

Three  years  later,  namely  in  1847,  a  nephew  of  Niepce  succeeded  in 
producing  a  negative  picture  upon  a  glass  plate  which  had  been  pre- 
viously coated  with  a  film  of  albumen,  or  white  of  egg.  From  such 
a  picture  positives  could  of  course  be  produced  by  Fox  Talbot's 
process.  A.  better  film  for  holding  the  tender  image  was,  however,  soon 
discovered,  and  the  credit  of  the  introduction  is  due  to  Archer,  who  first 
pointed  out  the  advantages  of  collodion  for  that  purpose. 

Collodion  is  made  by  dissolving  ffuu-cotton  in  a  mixture  of  alcohol 
and  ether.  It  is  further  prepared  for  the  use  of  photographers  by 
adding  to  it  certain  iodides  and  bromides.  In  this  state  it  is  quite 
insensitive  to  light,  for  the  necessary  silver  compound  is  not  formed 
until  the  glass  puite  bearing  it  has  been  bathed  in  a  solution  of  silver 
nitrate.  Archer's  process,  with  hardly  any  variation,  is  practised  to  the 
present  time,  and  i  cannot  do  better  than  at  once  describe  it  in  detail 
for  the  reader's  benefit.  Any  intending  beginner  cannot  do  better 
than  commence  with  this  process,  for  upon  it  are  founded  all  other  pro- 
cesses.   It  is  not  difficult,  and  it  is  sure  in  its  results. 

First  a  word  as  to  apparatus.  Let  the  beginner  first  of  all  fix  a 
definite  plan  of  action.  If  it  be  within  his  means  he  can  have  a  glass 
room  constructed,  and  do  his  best  to  rival  the  productions  of  the  pro- 
fessional photographer.  But  as  it  is  more  likely  that  he  will  be  content 
with  an  occasional  portrait  of  some  friend  taken  in  the  garden  and 

finished  in  a  cellar  for  a  dark  room ;  he  need 
not  go  to  much  expense.  The  best  plan  is  to 
go  at  once  to  some  reliable  dealer,  and  take  Ills 
advice  as  to  the  outfit  required,  taking  care 
to  state  the  sum  available  for  the  purpose. 
The  cheapest  and  simplest  form  of  camera  is 
that  shown  at  Fig.  137.  It  consists  of  two 
boxes  sliding  one  within  the  other  so  that  the 
^^^^^^^_^  picture  can  be  focussed  upon  the  ground  glass 
p.    j3y  screen,  which  is  seen  in  the  cut  lifted  half  out 

of  its  groove.  In  the  more  expensive  cameras, 
the  bodv  is  of  bellows  form  and  made  of  leather.  The  focus  is  gained 
by  a  rack  motion  and  a  screw,  this  screw  being  turned  by  a  handle  at 
the  back  of  the  camera  as  shown  in  Fig.  138.  Many  of  the  modern 
lenses  are  fixed  in  rigid  settings,  and.  tkb  form  of  camera  is  for  tliem 
kdispensable.  A.  convenient  form  of  tent  for  landscape  work,  or  where 
the  operator  has  no  d^rk  room,  ia  thai  sl^wn  at  Fig.  139.  It  foldd  up 
into  small  compass,  is  of  light  weighty  and  is  furnished  with  all  the 
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to  become  practical  photo^phci 


eicltide  all  light,  ex- 
cept that  vtiieh  finds 
its  waj  throngli  the 
jrello*  wisidov  villi 
irbich  the  Unt  a 
funiished.  The  nw 
of  the  beat  ck^Dicab 
will  iBTC  the  photo- 
gnpher  from  ■  host 
of  troubles.  ThcM 
cui  be  purchued  in 
smsll  qnuititiea,  and 
a  litlLe  vill  be  fbnnd 
to  go  a  TCij  lonf; 
waj.  I  will  DOW  gJTe 
a  brief  description  of 
tlie  wet  rollodioB 
process,  but  I  would 
refer  those  who  wiili 
to  the  capital  handbooks  published 
'  sobjeot,  DiT  remarks  bane 
irilj  United. 


necesuriljli 


I  COLLODIOH  TBOCESS. 


This  process  maj  rightlj  be 
called  the  aheet-auchor  of  the 
photographer,  and  although,  as 
msv  be  seen  from  a  perusal  of  the 
followine  pages,  it  maj  soon  be 
destinea  to  give  way  to  more 
modem  methods,  it  has  oertaintj 
up  to  this  time  represented  the 
means  by  which  the  best  pboto- 

nhic  resnlts  have  been  atuioed. 
)  styled  the  "  wet  process" 
because    the    TSrious    chemicals 
employed   are  uied   in  a  liquid 
stale,  in  coctradiitinction  to  those 
methods  where  much   the  same 
materials  are  used  dry. 
the  compounding  of  the  silver  bath. 
uuiuii^u  wa>t:i  m  k°uc><i.ij  EuijjiOjed  for  this  purposc,  hut  as  there  a 
occasionally  some  difficulty  in  procuring  this  sufficiently  pure,  [  pnfer 
' <  oidmary  drinking  water  treated  in  the  foUowiug  Dunner.    fill  a 
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qotrt  bottle— ftn  ordinary  wine  bottle  will  answer  the  pnrpoH — with 
water,  sod  drop  into  it  a  few  crjBtals  of  nitrate  of  eiWer.  A»_  these 
disioUe,  the  water  will  speedily  become  cloadj  hj  tlia  formftlion  of 
chloride  of  silver,  eauted  b;  chemical  action  upon  the  salts  which  are 
natural  to  tbe  water.     Stand  the 

bottle  in  the  sua  for  a  few  bi/ura,  y— . 

when  the  depoeit  will  soon  settle 
tothebottomof  thebottlcaod  the 
water  will  become  perfecll;  clear, 
and  fit  for  making  tue  silver  bath. 
To  thirteen  ounces  of  water  thus 
treated  and  filtered,  add  one 
onnce  of  triple  crjetalliaed  nitrate 
of  silver  and  two  drops  of  nitric 
acid.  Place  this  mixture  in  the 
bath-holder,  and  it  is  readj  for 
use.  The  annexed  cut  will  show 
the  (ono  of  bath  i^nersUj  used, 
together  with  a  glass  plate  fixed 
on  its  holder,  and  readj  for  in- 
sertioQ  into  tbe  sensitised  solution.  | 
Before  proceediog  to  take  a  L 
picture,  we  must  also  have  some  Fig.iw.  x.  GIm  or  mtta.pml 
otber  solutions  at  hand  for  the  bold  itu  Kotitiiini  loiQilon.  ■.  c     . 

m's^  of  je«topi,s  »d  iixi«  Hsj-js.K-s'.sta'an! 

the  image.  ThepUta  c  huiRoniaMiaBina  toibo* 

The  best  waj  of  preparmg  the  ^'  *■*" 
developer  is  the  following, — take 

Protosnlphate  of  iron      .     .     .  }  lb. 

Ammonio-sulphate  of  iroa    .    .  j  lb. 

Sulphate  of  copper     .    .    .     .  i  oz. 

Boiling  water 1  pint. 

This  will  make  what  we  maj  call  the  slock  solution,  from  which  we  may 
from  time  to  time  take  a  certain  quantity  to  repleniah  oar  bottle  of 
developer,  as  from  time  lo  time  it  becomes  exhausted.  Tliis  plan  has 
tbe  merit  of  certainty  about  it,  to  which  from  personal  experience  I  can 
fully  testify.    To  compound  the  developer,  take 


Stock  solution  (filtered)  . 
Glacial  acetic  acid .  .  . 
Alcohol  (methylated) .  . 
Water 


lo: 


This  will  make  a  capital  dereloper  (or  landscapea  and  all  snhjecta  where 
there  is  a  tendency  to  over-eipote  the  sensitised  plate,  for  it  is  weak  in 
its  action ;  but  for  porttaitore  it  is  aa  well  to  redoce  the  unonnt  of  add 
to  two  drachms,  and  to  dooble  the  amount  of  stock  solution. 
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Two  solotions  vill  also  be  required  to  intensifj  the 
licks  snfBdent  density.    These  maj  be  made  ap  urns : — 


it 


No.  L— P 


'ater 


ic  add S  grs. 

1  OS. 


No.  2.— Nitrate  of  silver  .... 

Citric  acid 

Acetic  acid 

Water  (purified  as  above)  . 


5  grs. 

10  era. 

idr. 

^os. 


The  pjrogallic  solution  should  be  mixed  just  beC 
No.  2  will  keep  well,  and  can  be  mixed  in  adranoe. 


Fixing  solution. 

^posulphite  of  soda     .    . 
Water 


4oz. 
^pint. 


Having  mixed  these  solutions,  we  can  now  proceed  to  take  a  photo- 
graph with  some  hope  of  success.  One  of  the  most  important  operations, 
which  will  jjerhaps  strike  the  mind  of  the  novice  as  a  most  simple  afiair, 
is  the  cleaning  of  the  glass  plate.  This  plate  must  not  onlj  look  dean 
to  the  eye,  but  it  must  oe  chemically  dean.  The  least  spot  of  impurity, 
or  the  touch  of  a  finger,  will  cause  a  mark  in  the  finished  picture  whkh 
will  quite  spoil  it.  The  things  required  for  properly  deaning  the  glass 
plates  will  be  a  clean  linen  rag,  a  chamois  leather  (both  reserved  for  this 
purpose,  and  for  nothing  el&e),  and  a  bottle  of  cleaning  solution* 

Glass-deaning  solution. 

Alcohol 2  oz. 

Liquid  ammonia 2  drs. 

Water i  oz. 

Fine  tripoli 1  oz. 

The  plan  which  I  adopt  is  to  dean  one  or  two  dozen  plates  at  a  time, 
and  to  shut  them  up  in  a  grooved  dust-proof  box  until  required  for  use. 
Place  a  little  of  the  solution  (shaken  up)  on  a  piece  of  the  rag,  and  well 
scrub  each  plate  on  both  sides,  as  well  as  the  edges.  When  all  are  thus 
treated  each  plate  is  fixed  in  a  clamp  plate-holder,  and  well  polished 

with  the  leather.  I  use  a  flat  camel-faaxr 
brush  to  dust  the  plato  just  before 
tlie  collodion  is  applieo. 

There  is  a  little  knack  in  coating  a 
plate  with  collodion  which  is  very  sooa 
acquired,  and  which  can  be  wdl  under- 
stood by  a  reference  to  the  annexed  cut. 
Hold  the  plate  in  the  left  hand  by  tbe 
comer  marked  A.  Then  with  the  bottle 
of  collodion  in  the  right  hand  pour  a 
pool  of  it  in  the  centre  of  the  glass.  In- 
dine  the  plato  so  that  the  liquid  runs 
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first  towards  A,  then  B,  then  C,  and  lastly  D,  where  the  surplos  amount 
can  be  gently  returned  to  the  bottle.  The  whole  of  the  operation  must  be 
performed  steadilj  and  without  anj  hurry.  The  pUte  must  now  be 
gently  rocked,  until  the  collodion  seU,  which  will  oe  in  about  half  a 
minute.  The  plate  is  now  placed  on  the  dipper,  or  holder,  and  is  slid 
into  the  bath  with  one  sure  motion ;  any  hesitation  or  stoppage  in  this 
last  action  will  be  recorded  on  the  plate  as  a  straight  line.  The  pUte 
may  be  gently  lifted  half  up  once  or  twice  while  in  the  bath,  in  order  to 
help  the  formation  of  the  sensitive  surface. 

It  must  be  understood  that  all  operations  after  the  collodion  is  applied 
must  be  conducted  by  yellow  light,  for  directly  the  plate  is  inserted  into 
ike  bath,  an  exquisitely  sensitiTC  surface  commences  to  form,  which  can 
be  acted  upon  by  light  which  ia  not  filtered  through  a  yellow  or  red 
medium.  A  Tcry  cheap  and  good  material  for  dark  room  windows  or 
lamps  is  sold  bY  Messrs.  Wratten  and  Wainwri^ht.  It  consists  of  an 
orange  coloured  paper,  which  is  brushed  over  with  an  aniline  solution, 
and  afterwards  with  boiled  oil.  I  have  had  a  frame  made,  covered  with 
muslin  upon  which  some  of  this  prepared  paper  is  glued,  it  is  fixed  above 
an  ordinary  window  by  hinges,  and  can  be  let  down  by  a  string  directly 
I  wish  to  shut  out  white  light. 

In  about  three  minutes  toe  phte  will  be  readv  for  removal  from  the 
bath,  when  it  must  be  gently  raised  and  allowed  to  drain  before  being 
taken  from  the  dipper.  It  should  now  be  drained  more 
thoroughly  by  letting  it  rest  in  a  sloping  position 
upon  a  pad  of  blotting  paper,  the  back  can  be  gently 
wiped  with  a  piece  of  tne  same  material,  and  the  plate 
can  be  placed  in  the  dark  slide  (Fig.  149). 

Now  comes  the  exposure,  the  len^h  of  which  can 
oid^  be  gauged  by  experience,    different    subjects,      i    §  ji   . 
ditferent  lenses,  and  different  times  and  seasons  modi-  [       J 

fving  the  period  in  such  a  manner  that  it  would  be    ^     -^ 

almost  impossible  to  give  adequate  directions  in  a  yib  14x~^^ 
mere  sketch  of  photographv  such  as  this  only  professes 
to  be.  After  exposure  the  dark  slide  is  taken  back  to  the  dark  room, 
the  plate  removed,  and  the  operation  called  developing  is  then  proceeded 
with.  It  will  be  noticed  that  no  change  whatever  is  manifest  in  the 
appearance  of  the  plate,  although  a  chemical  change  has  been  brought 
about  in  those  parts  of  it  upon  which  the  light  has  fallen. 

Pour  into  the  developing  cup  about  half  an  ounce  of  the  iron  solution, 
and  turn  it  on  to  the  plate  with  such  a  sentle  motion  that  the  stream  flows 
across  it  in  one  even  wave.  Fart  of  Uie  solution  may  be  allowed  to  run 
off  into  the  sink,  but  sufficient  should  be  retained  on  the  plate  to  flow 
backwards  and  forwards  as  the  glass  is  rocked  to  and  fro.  If  the  imaffc 
at  once  flashes  oat,  the  exposure  has  been  too  prolonged,  and  tne 
resulting  picture  will  be  flat  and  tame ;  but  if  it  gradually  comes  out, 
first  the  brightest  parts  and  then  what  are  called  the  half  tones,  we  shall 
have  more  hope  of  obtaining  a  good  picture.  Should  the  picture  require 
more  intensity  than  the  developer  seems  to  be  capable  of  giving,  it 
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Bhonlcl  be  well  washed  under  the  t^,  *iid  the  iuteiui^ring  Nlntias 
•pplied  iu  the  following  nvumner.  Fint,  sufficient  of  No.  1  solntioata 
flow  orer  the  plate,  then  return  it  to  the  cnp,  tnd  add  one  or  tvo  dnp 
of  No.  2  and  re-spplj.  Wash  once  more,  ud  drop  the  pUte  iih>  liie 
filing  solution,  wliich  may  for  conTenienee  be  kept  in  a  dish  or  tnj. 
White  light  can  now  be  admitted  to  the  room,  ana  the  process  of  iiiOL 
watched  as  it  proceeds.  When  the  picture  seems  to  he  thoroDiUT 
cleared,  remoTe  it  from  the  di^h  and  well  wash  nnder  the  lap.  lltaS 
now  be  allowed  to  drj  spontineouslj,  after  which  it  is  §:entlf  wmtri 
and  ramisbed.  This  completes  the  operation  of  taking  a  picture  hj  Ik 
wet  coLodiou  process.  I  will  now  proceed  to  de«cnbe  tne  methM  bj 
which  anj  number  of  poeitives — or  pictorea  on  paper — -maj  be  rnade  fmt 
the  glass  n^alire  woich  wc  have  obtained,  and  which  is  brid;  no' 
prehended  nnder  the  term 

paDrnirs  raox  tbb  xeoativb. 

It  will  be  observed  that  in  the  glass  pictnre  which  we  hiTS  tila 
the  lights  are  all  reTcrsed,  in  other  words,  thej  are  all  dark,  wbDc  tiit 
shadows  are  repreacoted  bj  almost  clear  glass.  It  is  rer;  endcnt  ^ 
if  we  can  place  a  sensitiTe  surface  beneath  such  a  picture,  and  eipi» 
to  the  light,  the  resulting  picture  will  be  once  more  reTened,  wi  n 
shall  obtain  a  photograph  more  in  aceoidance  with  oar  ideas  of  whi^  > 
picture  should  be.  For  this  purpose  albumenized  paper  is  floated  npoo 
a  strong  solution  of  nitrate  of  ailrer,  and  dried  in  tne  daik.  Bui  iln 
operation  is  so  unpleasant,  and  so  liable  to  lead  to  stained  hamls  lul 
liuen,  that  most  people  now  buj  their  paper  ready  prepared,  whii^ai 
be  done  as  cheaply,  if  not  cheaper,  than  itcan  be  made  at  home. 

The  negative  is  placed  in  a  printing  frame  (see  Figs.  113  sod  Wt 


which  is  B*,,„.„.5,v- — r___.  ,, 

observed  from  the  back  wilhont  removsl.  It  should  be  "^''"" Jf 
print  much  deeper  than  it  is  eventoallj  required  to  be,  foe  the  sobsequoil 
operations  of  toniug  and  fixing  tend  verj  much  to  reduce  its  inteastj.'' 
Several  pictnres  should,  if  possible,  be  printed  on  the  same  diT,  ><' 
the  other  operations  can  be  carried  on  afterwards  in  regular  order,  iw 
the  toning  and  filing  of  50  prints  give  hardlj  more  trouble  tUn"" 
same  treatment  of  haU-a-doien. 
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When  sufficiently  printed,  the  pictures  should  be  placed  in  one  or  two 
chanffes  of  water,  in  order  to  remove  the  unaltered  nitrate  of  silver  still 
clinging  to  them.  They  must  then  be  transferred,  two  or  three  at  a 
time,  to  the  toning  bath,  which  roust  be  prepared  at  least  ]  2  hours 
before  use. 

Toning  Solution. 

Ghoride  of  gold     .    .      1  gr. 
Acetate  of  soda     .    .    10  grs. 
Distilled  water      .    .    10  oz. 

This  mixture  must  be  carefully  kept  from  the  light  in. a  stone  bottle ; 
when  used  it  should  be  poured  into  a  dish,  or  tray,  and  care  should  be 
taken  that  the  prints  while  toning  do  not  overlap  one  another,  or  they 
will  tone  unequally.  Have  a  basin  of  clean  water  ready  for  their 
reception  as  they  are  finished. 

Tnc  paper  prints  must  now  be  transferred  to  a  bath  composed 
thus — 


Hyposulphite  of  soda     .    .    3  oz. 
Water 


i  pint. 

Where  they  must  remain  for  at  least  15  minutes.  Several  good 
washinss  in  water  must  follow ;  indeed,  for  the  thorough  elimination  of 
the  soaa,  it  is  better  to  leave  them  all  night  in  an  open  vessel,  where 
the  water  from  a  tap  can  drop  upon  them.  It  now  only  remains  for 
the  pictures  to  be  dried,  tnmmed,  and  mounted  with  starch  upon 
cardboard,  when  they  can  be  preserved  in  albums. 

One  of  the  chief  complaints  against  photographs  is  a  want  of 
permaneiicjr.  Many  people  have  valued  pictures  in  their  possession 
which,  oriffinally  alf  that  they  could  desire,  have  gradually  faded  into 
sickly  yelu>w  phantoms  of  wnat  they  once  represented.  The  fault  is 
attributable  to  defects  in  the  paper  employed,  or  to  the  imperfect 
washing  out  of  the  surplus  chemicals  employed  in  prodocing  the 
photograph.  For  this  reason  I  have  urged  the  reader  to  be  liberal  in 
Lis  use  01  water  during  the  final  operation  of  washing  out  the  soda. 

The  so-called  Carbon  pictures  are  free  from  the  charge  of  want  of 
permanency,  for  they  are  produced  in  pigments  as  lasting  as  the  paper 
upon  which  they  are  laid.  The  operator  can,  too,  choose  the  colour  in 
wnich  the  finidhed  picture  shall  appear.  A  brief  outline  of  this 
interesting  process  will  not  be  out  of  place.  It  will  be  observed  that 
it  merely  applies  to  the  printing  of  the  positive  image  from  a  negative 
taken  in  the  camera  in  the  usual  manner. 

THE  CABBOM   FBINTIN6  PBOCESS. 

A  certain  family  of  chemical  salts  possess  the  property  of  rendering 
gelatine  insoluble  after  exposure  to  light.  Taking  the  bichro- 
mate of  potash  as  a  type  of  these  salts,  we  ^ili  follow  the  various 
manipulations  involved  m  producing  a  carbon  print.  Carbon  tissue, 
consisting  of  paper  coverea  with  a  mixture  of  gelatine  and  pigment, 
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can  be  bouclit  h  cheopl;,  tbftt  it  ii  nnneceasuj  to  attempt  to  [aeyut 
it,  especio^  m  the  amateur  would  moat  probably  fail  in  aaob  aa 
attempt.  It  is  uld  of  vatious  tints  for  different  parpmes,  audi  tinta 
being  purple,  brown,  black,  or  red  u  required.  After  banng  cut  the 
tissue  to  a  conrenieat  size,  it  must  be  inunened  in  the  following  wlntioa 
in  jellow  light -.— 

Bichromate  oF  potash      ....       3  drs. 

Water 12  or- 

LiqnoF  ammonia EO  drops. 

^e  Bolutioa  should  be  placed  in  a  dish,  and  the  sheet  of  tiasne  sboald 
remain  in  it,  face  apwanls,  nntil  it  becomes  flat  and  linp,  aaj  30 
seconds.    It  mnst  then  be  hung  up  on  a  Isth,  bj  means  of  a  pin  put 
through  one  oomer,  until  it  is  per- 
fectly dry ;  in  operation  whiclt  m  a 
wann  atmosphere  will  oorapy  four 
or  Ave  boura.    This  oonstitates  the 
seusitismg  operation.     When    per- 
fectly dry,  it  is  placed  in  ■  printine 
L  frame  beoeath  ane^atire,  just  asif  it 
i  were  a  pieoe  of  ordinary  sensitised 
I  silvei  paper.    We  cannot,  howerer, 
I  tell  how  the  operation  o(  piiatiiiK 
'  is  proceeding,  u  we  can  in  the  latter 
OBM,  for  the  coioar  of  the  tdssae  is 
aniformly  dark.    But  we  can  jndce 
of  the  action  of  the  li^t  npon  it 
hj   eiposing   at    the   same   time   « 
piece  oF  uItct  paper,  rerooTing  tke 
printing  frame  rrom  the  light  when 
that    is    aofGciently    darlmied.      A 
Tif.  lit.  useful    little  instnuuent  called   an 

aetioometer  has  been  devised  bj  tb. 
Woodbury.  It  is  shown  at  Fig.  146.  B;  its  aid  the  operator  can  •nrr 
well  judge  how  long  any  particular  negative  will  require  to  be  eipoaea, 
in  order  to  yield  a  satisfactory  print.  The  neit  operation  is  to  ox  the 
prints  on  a  temporaij  support  during  developmeat.  For  this  pntpose 
ordinary  glass  may  be  used.  It  should  be  coated  with  a  miitorc  of 
bees'  wax  and  ether  in  the  following  proportions : — 

Bees'  wax 1  gr. 

MethyUted  ether  ....  1  ot. 
A  small  quantity  of  the  mixture  should  be  applied  to  the  glass,  and 
wiped  on  ngoronsly  with  a  piece  of  coarse  flannel.  But  enough  will 
remain  on  tne  glass  to  aone  the  purpose  for  which  it  is  reouiied,  and 
which  will  be  presently  seen.  The  waxed  glass  is  now  ooated  with  thin 
plain  collodicn,  allowed  to  set,  and  is  then  placed  in  a  diah  of  coU 
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The  printed  tissue  is  now  removed  from  the  frame  and  placed  in 
another  dish  of  water.  When  it  becomes  limp  it  should  be  applied  to 
the  glass  plate,  under  water,  the  tissue  side  being  pressed  agamst  the 
oollMlionised  glass,  to  which  it  will  readily  adhere.  The  tissue  and  its 
support  are  now  taken  out  of  the  water,  and  placed  under  a  piece  of 
mackintosh  cloth,  tissue  side  uppermost.  The  cloth  is  firmly  rubbed 
with  a  squeegee,  (an  india-rubber  instrument  which  on  a  large  scale  is 
commonly  used  for  removing  mud  from  the  street  pavements)  after 
which  the  glass  and  adhering  tissue  are  laid  aside  for  ten  minutes 
or  so. 

The  development  of  the  picture  can  now  be  proceeded  with,  and  it 
will  be  noticed  that  it  is  a  very  different  operation  to  that  which  has 
already  been  described  under  the  same  name  m  connection  with  the  wet 
collodion  process.  Here,  the  only  liquid  required  is  hot  water,  ttiat  is 
to  say,  water  of  such  a  heat  that  the  hand  can  be  placed  in  it  without 
inconvenience.  Soon  after  the  plate  is  removed  to  such  a  bath,  the 
pigmented  gelatine  which  has  not  been  affected  by  light,  and  which  is 
therefore  soluble,  will  begin  to  ooze  out  between  the  paper  and  the 
glass.  By  gently  laving  the  paper  with  the  hand,  it  wiU  gradually 
soften,  and  the  unaltered  gelatine  will  come  away,  a  dart,  slimy 
mass,  leaving  the  insoluble  gelatine  on  the  gkss  to  constitute  the 
picture.  It  must  now  be  transferred  to  a  bath  of  alum  and  water,  and 
will  then  be  ready  for  further  treatment,  t>.,  its  transference  to  paper. 

For  this  purpose  a  transfer  paper  is  sold.  After  soaking  in  tepid 
water,  it  b  applied  to  the  print,  ana  left  to  dry.  Now  comes  apparent 
the  use  of  the  beeswax  on  the  glass ;  without  it,  the  transfer  paper 
would  resolutely  refuse  to  leave  the  support,  but  by  its  aid,  the  print 
will  either  leave  the  glass  of  itself  without  interference,  or  will  yield  to 
the  gentlest  persuasion.  The  gelatine  image  is  thus  transferred  to  the 
paper,  its  final  support,  and  the  work  is  done. 

The  above  is  just  a  brief  outline  of  carbon  printing,  without  which 
this  chapter  upon  photography  might  have  been  considered  incomplete. 
Those  who  wish  to  practise  this  charming  mode  of  printing,  snould 
consult  the  manual  published  by  the  Autotype  Gompanv.  This  company 
hold  the  patent  rights  of  the  process,  ana  supply  tne  tissue  to  the 
large  number  of  photographers  who  avail  themselves  of  it. 

Another  printmg  process  has  lately  been  introduced,  in  which  the 
picture  flashes  out  directly  it  is  pla^  in  the  developing  bath.  In 
this  process  salts  of  the  rarer  metals  such  as  platinum,  iridium,  palla- 
dium^ &C.,  are  employed.  These  metals,  when  in  a  state  of  fine  sub- 
division, are  black  or  almost  black,  and  the  salts  (held  in  the  paper, 
which  is  exposed  beneath  a  negative  in  the  usual  printing  frame)  are 
reduced  to  tne  metallic  state  by  the  immersion  of  the  print  in  a  hot 
solution  of  oxalate  of  iron  and  oxalate  of  potash.  The  picture  is  faintly 
visible  when  the  print  is  removed  from  the  frame,  and,  as  already 
remarked,  it  flashes  out  directly  the  developer  is  applied.  The  tone  of 
the  pictures  produced  by  this  process  is  pernaps  rather  too  cold  to  suit 
'the  taste  of  most  people,  but  tney  have  tne  merit  of  permanence. 
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DBT  PROCESSES. 

When  a  sensitive  piste  is  t-aken  from  the  silver  bath,  it  mnst  ht  used 
at  once  in  the  camera,  or  it  is  useless.  Many  plans  have  been  tried  for 
obviating  this,  with  more  or  less  success,  ana  such  plans  are  g:roiiped 
under  the  name  of  drr  process.  The  most  simple  dry  plate  is  that 
known  as  the  "  washed  plate"  process.  On  removal  from  the  bath  it  is 
washed  with  distilled  water,  and  allowed  to  dry,  when  it  can  be  exposed 
in  the  camera  some  few  hours  afterwards.  Before  development, 
however,  it  is  treated  with  an  edig;in^  of  india-rubber  in  chlorofonn,  or 
some  such  varnish,  to  prevent  the  film  slipping,  and  it  is  again  lowered 
into  the  silver  bath.  This  process  is  bnt  seldom  used,  for  it  is  uncertiin 
in  its  results,  and  does  not  offer  the  advantages  of  others  which  bare 
superseded  it. 

it  u  found  that  a  sensitbed  plate  msy  be  preserved  for  a  mud 
longer  period  by  the  addition  of  some  organic  material.  Many  matemb 
have  been  used  with  success  for  this  purpose — coffee,  tea,  beer,  albnmeo, 
tannin,  pyrogallic  acid,  may  be  named  among  the  number.  A  solution 
of  any  one  of  these  of  a  certain  strength  is  poured  over  the  plate  after 
its  removal  from  the  silver  bath,  and  is  allowed  to  dry  upon  it  sponta- 
neouslj^.  The  exposure  in  the  camera  is  as  a  rule  greatly  prolonged, 
but  it  IS  certain  that  plates  prepared  by  some  of  these  metnods,  nov 
almost  obsolete,  have  yielded  wonderfully  fine  results.  Of  late  years, 
however,  processes  have  been  invented  in  which  the  use  of  the  silver 
bath  is  entirely  done  away  with.  With  this  bath,  always  a  difficult 
thing  to  keep  in  order  even  in  the  hands  of  experienced  photographers, 
disappears  a  host  of  annoyances  and  inconveniences. 

Tnese  dry  plate  processes  have  not  only  come  to  the  aid  of  pro- 
fessional i>hotographers,  but  they  have  placed  in  the  hands  of  tourists  a 
new  and  interesting  pursuit,  without  entailing  upon  them  the  soiled 
linen  and  stained  fingers  which  have  long  ago  kbelled  the  photographer 
with  dealing  with  the  "  black  art.*'  Of  course  there  are  many  woo  vill 
plead  that  photographs  of  different  places  can  alwavs  be  oought  at 
shops,  and  that  therefore  it  is  useless  to  go  to  the  trouole  and  expense 
of  manufacturing  them.  But  such  people  forget  that  there  is  a  pleasure 
in  contemph&ting,  as  there  is  in  executing  one's  own  productions,  a 
pleasure  which  money  cannot  purchase.  The  amateur  botanist,  ento- 
mologist, or  artist,  each  understands  this  feeling,  for  every  object,  or 
sketcn  in  his  collection  will  remind  him  of  difficulties  overcome,  or  ol 
pleasant  episodes  which  he  would  not  care  to  forget. 

The  advantages  of  working  by  the  dry  method  comprehend  something 
more  than  the  release  from  dirty  shirt  cuffs  and  soiled  fingers,  for  the 
apparatus  rec^uired  for  a  day's  work  in  the  field  is  reduced  to  what  maj 
easily  be  carried  in  one  hand.  A  worker  by  the  wet  process,  on  the 
other  hand,  must  have  a  tent  of  some  kind,  besides  a  host  of  bottles, 
and  the  tiresome,  dirty  bath.  He  must  also  be  provided  with  a  good 
supply  of  water  for  the  rarious  operations  required,  so  that  under  the 
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old  luteal  it  was  almost  impossible  for  anj  one  to  undertikkB  a  photo- 
grifliic  journey  without  a  hone  wid  trap,  as  well  as  an  issistaut. 

The  impedimenta  required  for  a  drj  plate  worker  in  the  field  com- 

Erise  a  small  fohl-np  camera,  (Figs.  116  end  147)  its  tripod  stand,  and  a 
atch  of  dry  plates.  These  can  either  be  carried  in  double  dark  slides  (i.e., 
two  plates  in  each  slide)  ready  tor  insertion  into  the  camera,  or  tbey  may 
be  placed  in  what  is  calied  a  changing  box.  Perhaps  the  most  ingenious 
chan^ling  hos  ever  made  is  tliat  invented  by  Mr.  Hare.  It  contains  a 
doeen  or  more  plates,  which  are  placed  iu  grooTea  within  the  boi.  By 
a  Terj  clever  contrivance  the  dark  slide  is,  when  required,  clamped  to 
the  top  of  the  box,  turned  upside  down,  and  immediately  one  of  the 
prepared  plates  runs  into  the  dark  slide,  ready  for  eiposure  in  the 


i 


camera.  A  little  iadei  on  the  outside  of  the  box  registers  each 
plale  aa  removed,  so  that  the  mistake  of  exposing  the  same  plate  twice 
IS  all  but  impossible  except  in  verv  careless  hands. 

Anolhec  very  ingenious  plan  which  still  farther  reduces  the  burden 
of  a  modem  photographer  is  the  negative  tissue  process  of  Mr.  Warnerke. 
In  tliis  case  the  sensitised  material  is  supported  upon  a  long  ribbon  of 

Sapei.  An  ordinary  camera  is  employed,  into  the  hack  of  which  fits  a 
ark  ilide  wbich  forms  the  most  novel  feature  of  the  process.  Inside 
tbia  box  are  two  rollers,  one  at  each  side.     On  these  rollers  is  wound, 

Sianontma  fashion,  the  paper  already  alluded  to.  The  picture  is 
ocussed  in  the  usual  manner,  the  dark  slide  is  then  adjusted  to  the 
camera,  and  a  section  of  the  prepared  paper  receives  the  image.  The 
rollers  are  then  turned  until  a  fresh  portion  of  the  paper  is  in  front  of 
the  exposing  shutter  ready  far  the  next  picture,  aaJ  the  operation  is 
repeated  again  and  again  until  the  length  of  the  prepared  tissue  is 
exbansted.  The  tissue  baa  of  coarse  to  nndei^  devebpment,  but  this 
can  be  postponed  for  a  long  time  if  necessary.  With  this  apparatus  it 
would  be  possible  for  the  special  correspondent  of  an  illustrated  news- 
paper to  send  home  latent  images  of  the  scenes  which  he  described, 
which  could  be  developed  into  pictures  as  soon  as  they  reached  their 
joame^'s  end.  For  it  is  clear  that  such  photographs  coold  be  sent 
home  in  anordinary  envelope,  provided,  of  course,  that  it  was  light-tight. 
The  great  objection  to  Ibis  process  aeems  to  be  the  difficulty  of  pre- 
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paring  the  tissue,  a  work  next  to  impossible  except  in  skilled  hands. 
Most  amateurs  like  to  haTe  the  satisfaction  of  preparing  their  own 
plates,  so  that  they  can  feel  that  the  resulting  pictures  owe  thetr 
parentage  to  them  from  first  to  last.  Feeling  certain  that  this  is  the 
case,  I  will  now  give  directions  bj  which  such  an  end  can  be  attynH 
without  any  Tery  difficult  or  tedious  operations.  At  the  same  time  I 
can  inform  those  of  my  readers  who  are  so  placed  that  they  cannot 
afford  the  time,  or  do  not  possess  the  necessary  space  and  convenienoes 
for  the  home  production  of  dry  plates,  that  they  can  purchase  them  readj 
prepared;  and  naturally  better  prepared  than  anything  they  could 
produce  themselTes.  In  the  collodion  emulsion  process,  whidi  I  shall 
first  describe,  the  trouble  is  reduced  to  a  minimum,  by  purchasing  the 
Buzture  ready  made,  when  it  merely  has  to  be  poured  Uke  ooUodion 
OTer  the  gma  plates  shortly  before  they  are  wanted  for  use.  Bat 
for  those  who  prefer  to  be  self-dependent,  I  give  the  recipe. 

COLLODION  EMULSION  FBOCESS. 

The  following  process  originally  appeared  in  the  "  British  Jonmal 
Photographic  Almanac"  under  the  headiog,  "  A  sure  and  simple  method 
of  making  standard  dry  plates,"  by  Canon  Beeohey.  As  I  naye  tried 
tins  method  myself  with  the  best  results,  I  place  it  before  my  readers 
with  CTcry  confidence  that  it  will,  with  due  care,  succeed  in  thdr 
hands  :— 

"  To  be  able  to  make  in  a  few  hours,  and  with  little  trouble,  a  batch 
of  dry  plates  of  uniform  quality,  fairly  rapid,  easily  dereloped,  mm^ 
needing  no  intensi^ing,  but  of  a  firijght  wet-plate  character,  appears  to 
me  to  be  more  usetul  to  the  generality  of  landscape  photograpoers  tl.Mt 
complicated  formulie  for  such  delicate  and  rerV  rapid  plates  as  are 
difficult  of  preparation,  not  easy  to  intensify,  and  liable  to  failare  in  all 
but  Tery  skilful  hands. 

1.  Prepare  the  following  chloro-bromide  solution : — 

A- 

Anhydrous  bromide  of  cadmium    .    .    400  grs. 
Absolute  alcohol 10  ozs. 

The  solution  will  be  milky.  Let  it  stand  till  quite  clear.  Decant 
it  carefully  and  add^ 

Strong  hydrochloric  acid    .    .    80  minims  or  drops. 

Label  this  "  Chloro-Bromide  Solution.'*  This  is  the  staple  basis  ol 
all  your,  emulsion. 

2.  When  you  require  dry  plates  prepare  the  day  before,  by  yellow 
light,  t]ie  following  emulsion  for  two  dozen  dry  pktes — 

Take  of  A i  oz. 

Absolute  ether     ...      9  drs. 

Proved  gun-cotton    .    .    10  or  12  grs.,  as  thickness  requires. 
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The  ffon-eottoii  should  entirely  dissolTe.  This  is  your  ohloro- 
bromised  cx>llodion. 

To  sensitise  the  aboTe,  dissolve  by  heat  fortr  grains  of  fused  nitrate 
of  silver  in  powder  in  one  ounce  of  alcohol  '820.  When  entirely 
dissolved  put  the  collodion  into  a  clean  four-ounce  measure,  and  pour 
the  hot  solution  of  silver  steadily  in,  stirring  rapidly  with  a  dean  slip 
of  gkss.  Now  you  have  your  chloro-bromiae  emulsion.  It  should  be 
yery  smooth  and  rather  milky ;  but  after  having  been  kept  in  the  dark 
twenty-four  hours,  and  shaken  once  or  twice,  it  will  become  beautifidly 
creamy.  The  above  quantity  for  two  dozen  half-pUtes  will  enable  you 
to  judge  for  other  sizes." 

Uanon  Beechey  then  proceeds  to  explain  that  the  gkss  plates  should 
be  thoroughly  cleaned,  and  coated  with  a  substratum  of  albumen  or 
gelatine,  before  the  emulsion  is  applied  to  them.  (I  may  here  remark 
that  all  the  dry  processes,  with  the  one  exception  of  gelatine  plates, 
require  a  substratum  of  this  kind,  or  the  film  is  sure  to  slip  off  duiing 
subseouent  operations.)  Canon  fieechey  recommends  that  the  glm 
shonla  be  deuied  with  the  following  sQlution  :— 

Hydrochloric  add    .    .    2  drs. 
Water 1  oz. 

This  should  be  applied  with  a  tuft  of  cotton  wool  made  into  a  brush  by 
bdng  pulled  through  a  piece  of  glass  tubing  with  a  string,  so  that 
the  wool  forms  a  i»d  at  the  top.  As  each  plate  is  rubbed  over  with 
this  mixture,  edges  and  all,  it  is  rmsed  under  the  tap  and  immediately 
receives  a  coating  of  gelatine.  Soak  five  grains  of  Nelson's  Opaque 
Gelatine  in  one  ounce  of  cold  water  for  an  hour;  then  add  three  ounces 
of  boiling  water.  It  will  at  once  dissdve.  £ach  plate  should  be 
flooded  wnile  wet  with  the  g^daUne,  but  the  mixture  should  be  filtered 
before  use.  The  first  application  will  carry  off  the  water  which  remains  on 
the  washed  plate,  and  a  second  dose  will  leave  an  even  film  which 
must  be  allowed  to  dry  upon  the  plate. 

To  coat -and  prepare  your  dry  plates  have  ready  two  large,  flat, 
china  dishes,  capable  of  holding  each  six  plates  together  side  by  dde. 
Into  one  put  as  much  filtered  nun  water  as  it  will  hold,  and  into  the 
other  put  of  dear  (not  sour)  bitter  table  beer  thirty  ounces,  in  which 
dissolve  thirty  grains  of  pyrogallic  add.  This  is  your  preservative,  and 
the  simplest  and  best  I  Imow  of.  It  is  better  made  and  put  in  the  dish 
an  hour  or  two  before  yon  want  it,  that  it  may  be  quite  flat  and  free 
from  any  little  bubbles,  as  they  produce  pinholes.  Next  filter  your 
emulsion,  after  well  shi^g  it,  through  dean  cotton  wool  in  the  usual 
collodion  filter.  Coat  six  pktes  in  succession,  putting  each  as  it  is 
coated  into  the  water.  By  the  time  the  sixth  is  in,  the  first  is  rosdy 
to  be  placed  in  the  preservative.  Then  coat  another  plate,  and  place 
it  in  the  water  where  No.  1  was. 

As  the  preservative  bath  becomes  full  of  plates  they  are  taken  out 
one  by  one  and  put  in  a  drying  box,  or  allowed  to  dry  on  a  rack 
spontuieously. 
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The  exposnre  in  the  camera  varies  from  SO  to  60  seoonds,  according 
to  the  subject  and  the  light. 

DevelopmenL 

^     (  Pyrogallic  acid 9C  grs. 

/  Methylated  alcohol      ...       1  oz. 
•g      I  Bromide  of  potassium      .     .12  grs. 
(  Water  (distilled)     ....      1  oz. 
Q     I  Carbonate  of  ammonia     .    .     60  grs. 

{  Hot  water 1  oz. 

Mix  of  A 30  drops 

„      B  (in  winter  30  will  do)  GO    „ 
C 2drs. 

Wet  the  plate  well  under  the  tap  until  no  longer  greasy.  Poor  on  the 
developer  and  let  it  run  well  over  until  the  first  trace  of  sky  is  visible ; 
then  pour  back  into  the  measure,  and  wait  to  see  the  development  go 
on.  This  wiU  both  surprise  and  please  you,  and  will  enable  yoa  to 
judge  as  to  exposure.  If  the  detail  appear  slowly  but  regularly,  poor 
the  developer  again  on  to  the  plate,  ana  proceed  to  full  aevelopment 
If  the  picture  flash  out  rapidly,  teoih  it  at  once,  add  to  the  developer 
thirty  drops  or  more  of  B,  and  again  pour  it  on  till  all  is  out.  If  the 
detail  appear  very  slotcly,  do  not  fear  to  add  another  drachm  of  C. 
You  cannot  fog  these  plates  if  you  try.  They  generaUy  require  co 
intensifying ;  if  they  do,  one  dash  of  the  usual  acid  pyro  and  silver  will 
suffice.    Fix  as  usual  with  hvposulphite  of  soda. 

These  plates  keep  as  well  as  any  dry  plates  I  know  of ;  but  never 
use  old  plates  if  you  are  going  on  an  expedition  and  want  the  best 
results.  Fresh  pUtes  are  so  easily  made  as  above,  and  are  always  so 
active  and  lively,  that  it  is  foolish  to  make  more  at  ouce  than  you  think 
you  will  want. 

Until  within  very  recent  times  the  professional  photographer  has 
fought  shy  of  anything  in  the  shape  of  a  dry  plate.  This  is  not  to  be 
wondered  at,  for  hitherto  these  plates  have  not  afforded  that  certainty  of 
result  which  was  vielded  by  the  wet  prooess.  But  of  late  a  great 
change  has  occurred  in  the  opinion  of  many  experienced  professiooaK 
and  many  photographers  publish  the  notice,  "Portraits  taken  in 
anv  weather  by  the  new  process."  This  new  process  is  one  in  which 
gelatine  supersedes  collodion,  and  there  is  every  reason  to  suppose 
that  it  will  ulti'jaately  form  the  standard  prooess  by  whioh  photographs 
are  produced. 

Its  adoption  is  due  not  only  to  the  fact  that  it  offers  all  the  osoal 
advantages  of  a  dry  process,  but  because  it  is,  unlike  most  dry  nn>> 
cesses,  extremely  rapid — far  more  rapid,  indeed,  than  the  oollooion 
process.  In  order  to  show  that  this  is  actually  the  case,  I  may  mention 
that  I  have  now  in  in^  possession  a  photograph  of  an  express  ttmin 
moving  at  full  speed,  with  a  cloud  of  steam  issuing  from  the  funnel.  I 
have  seen  another  taken  by  the  same  process  of  the  last  Oxford  and 
Cambridge  boat  race  on  the  Thames,  whioh  shows  not  only  the  com- 
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peting  crews,  bat  the  crowd  of  boats  and  steamboats  which  accompany 
them,  every  ripple  on  the  water  being  pbunly  marked. 
I  have  myself  produced  some  hondreds  of  photographs  by  the  gelatine 

Erocess,  and  have  tried  nearly  every  commercial  pUte  that  can  be 
ought;  I  find  none  so  good,  or  reliable,  as  those  prepared  by  Messrs. 
Wratten  and  Wainwright,  by  whose  plates  the  two  rapid  photographs 
above  described  were  tucen. 

For  those  who  prefer  to  prepare  their  own  plates  I  g[ive  full  direc- 
tions. They  are  gleaned  from  the  various  published  ideas  of  many 
operators,  and  if  followed  with  ordinary  care,  will  lead  to  success.  It 
must  be  remembered  that  these  dry  plates  are  so  much  more  sensitive 
to  liffht  than  wet  plates,  that  they  can  only  be  prepared,  and  handled,  by 
reduM,  One  thidmess  of  ruby  ghiss  will  be  sufficient  to  protect 
them  from  lamp  or  candle  light,  but  two  thicknesses  must  be  used  for 
daylight 

THB  GELATIlfB  EMTTLSIGN  FB0CES8. 

The  operations  comprised  in  this  process  are:— 1.  The  preparation  of 
the  emulsion.  2.  Washing  the  emulsion  to  free  it  from  the  nitrate  of 
ammonia  which  has  not  combined  with  it.    3.  Coating  the  glass  plates. 

Procure  a  large  new  tin  saucepan,  and  solder  to  its  bottom  inside  a 
piece  of  tin  in  the  form  of  a  triangle,  so  that  it  will  stand  about  one  inch 
nigh,  and  form  the  support  for  a  lesser  sized  gallipot.  The  saucepan 
thus  prepared  should  be  placed  above  a  small  lamp  or  gas  flame. 
Half  nil  Doth  the  saucepan  and  the  bottle  with  water,  and  so  regulate 
the  flame  beneath  that  the  water  remains  at  one  uniform  temperature, 
say  95°  Fah.  Now  procure  a  wide-mouthed  bottle  of  about  six  ounces 
capacity,  which  will  stand  easily  inside  the  jar,  with  plenty  of  space 
round  it  for  the  water.  The  bottle  should  have  a  good  cork,  with  a 
strine  attached,  so  that  it  can  be  easily  removed  when  necessary.  Into 
this  bottle  put  the  following  mixture : — 

Bromide  of  ammonia  .  .210  grs. 
Nelson's  gelatine  ...  87  grs. 
Distilled  water    ....        3  oz. 

Shake  well  and  put  aside  for  the  gelatine  to  swell,  which  it  will  do  in 
about  twenty  mmutes.    When  this  is  done  place  the  bottle  in  the  jar, 
close  the  lid  of  the  sauceoan,  and  adjust  the  lamp  flame  so  that  the 
heat  will  not  rise  above  90^. 
In  a  narrow  four-ounce  bottle  put  this  sensitising  mixture : — 

Nitrate  of  silver  .    .    130  grs. 
Distilled  water    .    .        3  oz. 

When  dissolved,  place  this  bottle  in  the  jar,  by  the  side  of  the  gelatine 
mixture.  In  hair  an  hour's  time  remove  both  bottles  from  the  water, 
and  take  them  into  the  dark  room.  Give  the  gelatine  mixture  a  final 
shake,  then  remove  the  cork,  and  pour  the  silver  solution  into  it,  after- 
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Wards  shaking  the  oompoand  Tigorously  for  a  miniite  or  two.  B  b 
now  adfisable  to  coTer  tke  bottle,  cork  and  all,  with  thick  brovn  ptper, 
lutened  on  with  sealinff-waz.  This  is  a  precaution  against  uj  aed- 
dental  ray  of  light,  which  wonld  utterly  spoil  the  emulsion.  The  bottle 
is  now  returned  to  the  jar,  and  is  kept  at  the  same  tempcntere  as 
before  for  from  four  to  eif^t  da^ s.  It  is  a  curious  fact  that  the  sens- 
tiTeness  of  the  resulting  plates  is  altogether  dependent  upon  the  leoglfa 
of  time  that  this  cooking  operation  occupies.  The  longer  the  time,  the 
more  rapid  the  plates ;  dunng  the  whole  time,  ni^t  and  day,  the  limv 
must  be  kept  burning  so  as  topreserre  the  temperature  abore  mentioned, 
and  the  bottle  must  be  shaken  twice  every  day  while  the  opention  b 
proceeding. 

At  the  end  of  the  allotted  time,  the  emulsion  must  be  taken  into  the 
dark  room,  and  turned  into  a  porcelain  dish.  Here  it  will  speedOj  set 
into  a  jelly,  but  must  in  the  meantime  be  carefully  coTcred  from  sll  ugkt. 

While  this  operation  is  going  forward,  make  a  baff  of  tiiat  kindof 
canvas  which  b  used  as  a  backing  for  berlin  wool  wore.  Into  this  big 
scrape  the  jelly-like  emulsion,  with  a  piece  of  glass,  or  with  a  bone  piper 
knife.  Now  close  the-  opening  of  tne  bag,  and  squeeae  Uie  emnlsioa 
with  the  hands,  so  that  it  ooses  out  of  the  numberless  pores  in  the 
ooarBO  canvas.  By  this  means  it  is  so  subdivided  that  the  water  which 
is  afterwards  apphed  to  it  thoroughly  removes  all  the  unaltered  nitnte 
of  silver. 

The  emulsion  should  be  squeezed  into  a  wooden  tray  with  a  calico 
bottom.  This  tray  can  afterwards  be  put  into  a  large  trough,  or  wash- 
ing tub,  and  allowed  to  float,  the  water  being  changed  every  three  or 
four  minutes.  In  a  quarter  of  an  hour  the  emulsion  can  again  be  aoraped 
together,  put  back  into  a  bottle,  which  has  in  the  meantime  been 
thoroughly  cleansed,  and  once  more  covered  over  in  the  saucepan.  Bt 
the  time  that  it  is  again  liquid  under  the  influence  of  the  heat  applied 
to  it,  we  shall  be  re^ly  to  proceed  to  the  next  operation,  the  ooatug  of 
the  plates. 

Tne  plates  having  been  perfectly  cleaned,  are  held  one  bv  one  in  the 
left  hand,  preferably  on  a  pneumatic  plate-holder,  while  the  emolsioa 
is  applied  in  mach  the  same  manner  as  collodion.  A  pool  is  noored  on 
the  centre  of  the  plate,  and  is  helped  to  cover  it  bv  the  enidance  of  a 
glass  rod.  As  each  plate  is  coatea,  it  is  laid  on  a  sheet  of  thick  gla^^ 
or  a  slab  of  marble,  which  has  been  previously  brought  to  a  true  leTel. 
The  plate  must  be  allowed  to  dry  spontaneously,  which  in  a  dry 
atmosphere  will  take  about  six  hours.  They  can  then  be  packed  avaj 
in  grooved,  light-tieht  boxes  ready  for  use. 

I  invariably  develop  gelatine  plates  by  the  method  recommended  bj 
Messrs.  Wratten  and  Wainwright,  which  is  as  follows : — 

Sioci  Solution  A  *. 

Ammonia  liquor /or/  ....  1  oz. 
Bromide  of  potash  ....  60  gr. 
Water 2  oz. 
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Developer. 

Fjrogallic  acid 6  er. 

Stock  solution  A* 20  drops. 

Water 2oz. 

"  Lay  the  exposed  plate  in  a  dish  of  cold  water  while  the  pyrogallic 
acid  IS  mixed.  For  each  \  or  5  x  4  plate  use  six  grains  of  pyro  diluted 
with  two  ounces  of  water.  First  pour  off  the  water  from  the  plate, 
and  apply  the  pjro  solution,  then  add  fiye  drops  of  stock  solution  A*, 
and  keep  this  w^  developer  on  the  plate  until  the  highest  lights  are 
prettj  well  yiaible.  Then  add  from  mteen  to  twenty  drops  more  of 
A*  to  finish  development.  Whenever  any  of  the  solution  A*  is  to  be 
added  to  the  pvro  solution,  it  should  be  fiirst  dropped  into  the  develop- 
ing oup,  and  tnen,  if  tiie  solution  which  is  in  the  dish  be  poured  back 
to  the  oup,  a  perfect  mixture  will  be  the  result,  without  the  necessity 
of  stirring." 

Those  who  prefer  a  developer  even  more  simple  may  use  the 
following : — 

Neutral  oxalate  of  potash     .    .    1  oz. 
Water  {boiling) 4  oz. 

When  dissolved  stir  in  about  a  quarter  of  an  ounce  of  oxalate  of  iron, 
and  when  cold,  it  may  be  filtered,  or  the  clear  portion  decanted  for  use. 
If  enough  be  made  to  use  in  a  dish,  the  plate  may  be  dropped  into  it 
without  preliminary  soaking,  and  left  until  all  the  details  are  out.  It 
will  be  seen  that  by  this  latter  plan  of  development  the  photograph 
simply  develops  itself  without  any  interference  on  the  part  of  tne 
operator.  Hiis  is  all  very  well  when  a  plate  has  received  accurate 
exposure;  but  when  from  any  cause  it  has  been  over  or  under  exposed, 
the  alkaline  developer  before  described  gives  far  greater  control  over 
the  operation.  As  far  as  cleanliness  is  concerned,  the  ferrous-oxalate 
developer  is  simply  perfection,  for  the  fingers  may  be  moved  about  in 
the  solution  with  impunity.  It  will  doubtless  prove  a  great  boon 
to  the  fair  sex,  who  nave  hitherto  eschewed  photomphy  on  account 
of  its  unpleasant  adjuncts  in  the  shape  of  blackened  nnj^ers. 

In  cases  where,  from  unavoidable  over-exposure,  it  has  been  im- 
possible to  obtain  density  with  the  alkaline  aeveloper,  a  most  careful 
washing  should  be  given  after  fixing  (the  fixing  bath  oeing  hyposulphite 
of  soda,  as  in  the  wet  process),  with  a  view  to  remove  the  fast  trace  of 
the  alkali  (ammonia).  Intensification  can  then  be  effected  by  the  use  of 
the  foUowmg  formula : — 

A. 

Protosulphate  of  iron 15  grs. 

Gelatine  acid  solution  (as  presently  described)  .    .    40  drops. 
Water 1  oz. 
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Nitrate  of  silver 10  gn. 

Acetic  acid,  glicial,  50''  ....    10  dropa. 
Water iM. 

Tbe  gelttino-acelic  solation  is  compounded  a*  under : — 

Gelatine IS  irrs. 

Acetic  acid,  glacial,  5(J°  ....      3  drs. 
Water 5  dra. 

It  ii  as  veil  to  prepare  8  stock  of  tbis,  and  also  of  A,  as  thej  are  bot) 
better  for  Iteepiue. 

To  proceed — first  flood  tbe  plate  with  water,  and  then  with  a  solutioa 
of  iodme  and  iodide  of  potassium  of  the  colour  of  paie  sherrr  for  ok 
miiiBte ;  rinse  it  off,  and  applj  enough  of  A  to  ootct  the  plate  tot  aboot 
the  same  time.  Now  drop  into  tbe  cup  a  drachm  of  B,  and  bring  tlu 
A  back  from  the  plate  to  the  cup  to  mix  them  together.  B«-afqilj 
and  keep  the  miitnie  moving  over  the  surface  until  the  denaitT  ii 
sufficient. 

Both  development  and  intensiflcation  shonld  be  perToTmed  in  a  disk. 
When  the  plate  is  again  dr;,  warm  and  ramish  aa  usual. 


,    Fint  cSM  of  peiipcletic  phoUgnpbr  on  tbe  nml  popolBtioB. 
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BSOXINE. 

Bromine  (/Spw/zor,  a  bad  odour).  Symbol,  Br.  Combining  propor- 
tion, 80.    Specific  gravity,  3187. 

In  a  previons  portion  of  this  work,  the  connexion  between  chlorine, 
iodine,  and  bromine  has  been  pointed  out ;  and  as  we  have  to  notice  the 
colour  of  the  element  bromine,  the  chromatic  union  of  the  triad  may 
be  alluded  to.  These  elements  present  very  nearly  all  the  colours  of 
the  spectrum : 

Bromine red  to  orange. 

Chlorine yellow  to  green. 

Iodine blue,  indigo,  violet. 

These  three  elements  also  furnish  examples  of  the  three  conditions  of 
matter;  iodine  bein^  a  solid,  bromine  a  fluid,  chlorine  a  gas;  the 
relation  of  their  oombuing  proportions  is  also  curious  :  as  might  be  ex- 
pected, the  fluid  bromine  taaes  an  intermediate  position,  and  (according 
to  the  aiiom  that  half  the  sum  of  the  extremes  is  equal  to  the  mean) 
by  dividing  the  combining  proportions  of  iodine  and  chlorine,  ana 
adding  them  together,  we  have,  as  nearly  as  possible,  the  combining 
proportion  of  bromine. 

Chlorine 35-5  -4-  2  =  1775 

Iodine 127  -4-  2  =  63  50 

81-25 

The  combining  proportion  of  bromine  is  80,  but  81*25  is  so  near, 
that  it  mav  reasonaUy  be  conjectured  future  experiments  will  reduce  the 
number  ot  the  three  elements,  and  may  prove  that  they  are  only  modifi- 
cations of  a  single  one.  This  is  the  only  kind  of  alchemy  which  is 
tolerated  in  the  nmeteenth  century,  and  any  philosopher  who  will  reduce 
the  number  of  elements,  and  prove  that  some  of  them  are  only  modi- 
fications of  others,  will  achieve  a  renown  that  must  transcend  tnc  Sclat 
of  all  previous  discoverers. 

Bromine  was  discovered  by  Balard,  in  1826,  and,  like  chlorine  and 
iodine,  is  a  constituent  of  sea  water.  The  chief  source  of  bromine  ia 
a  mineral  spring  at  Kreutznach,  in  Germany.  The  process  by  which  it 
is  obtained  offers  a  good  example  of  chemical  affinity ;  the  water  of  the 
mineral  spring  is  evaporated,  all  crystallizable  salts  removed, anA  a  current 
of  chlorine  gas  passed  through  toe  remaining  solution,  which  changes 
to  a  yellow  colour,  in  consequence  of  the  li&ration  of  the  bromine  oy 
the  combinations  of  chlorine  with  the  bases  previously  united  with  the 
former ;  the  liauid  is  then  shaken  with  ether,  which  dissolves  out  the 
bromine.  In  tne  next  place,  the  etherial  solution  is  amtated  with 
strong  solution  of  potassa,  and  is  thus  obliged  to  part  witn  the  bromine 
which  is  converted  into  bromate  of  potassa ;  this  is  ultimately  chan^ 
bv  fusion  to  bromide  of  potassium ;  and  by  distillation  with  black  oxide 
of  manganese  and  sulphuric  acid,  the  bromine  is  finally  obtained.    Six 

M 
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processes  are  therefore  necessary  before  the  small  quantity  of  broBBiie 
contaiDed  in  the  mineral  spring- vater,  is  separated. 

Firti  Experimeid, 

Bromine  is  a  Tery  heavy  fluid,  which  should  be  presenred  by  keqsB^ 
it  in  a  bottle  covered  vith  water ;  when  required,  a  few  drops  may  k 
removed  by  means  of  a  small  tube,  and  dropped  into  a  warm  bottki 
which  is  <}uickly  filled  with  the  oranee-red  vapouj^  If  some  phoapbociB 
is  placed  in  a  deflagrating  spoon,  and  exposed  uTthe  action  of  bromine 
vapour,  it  tdkes  fire  spontaneously. 

Second  Experiw^etU. 

Powdered  antimony  sprinkled  into  the  vapour  of  bromine  immediaielj 
takes  fire. 

Third  Experiment. 

A  burning  tapier  immersed  ina  bottle  containing  the  vapour  of  hromiie 
is  gradually  extinguished. 

Fourth  Experiment, 

Liquid  bromine  exposed  to  a  freezing  mixture  of  ioe  and  sak»  or 
reduced  to  a  temperature  of  about  ei^t  degrees  below  sero,  solidifies 
into  a  ydlowish-brown,  brittle,  crystalline  mass. 

*  Fifth  Experiment, 

A  solution  of  indigo  shaken  with  a  small  quantity  of  the  vapour  d 
bromine  is  quickl;|[  bleached.  Manv  substances,  when  brought  in  oontaet 
with  liquid  bromine,  combine  with  explosive  violence,  and  therefoR 
experiments  with  liauid  bromine  are  not  recommended,  as  all  the  most 
instructive  and  conclusive  results  can  be  obtained  by  the  use  of  i^ 
vapour  of  bromine,  which  is  easily  procured  by  allowing  a  few  drops  to 
fall  into  a  warm,  dry  bottle. 

firominei  as  already  mentioned,  is  used  in  the  art  of  photography. 

7LU0SINE. 

Symbol,  E.    Combining  proportion,  19. 

This  singular  element  seems  almost  to  embody  the  ancient  idea  of 
the  alchemists,  being  a  sort  of  aUcahett,  or  universal  sdvont;  ori& 
phiiner  languagei  its  affinities  for  other  bodies  are  so  powerful,  that  it 
attacks  every  substance  (not  even  excepting  gold),  at  the  moment  of 
its  Uberation,  and  combines  therewith,  so  tmit  its  isolation  has  not 
yet  been  effected.  Chemists  who  assert  that  they  have  been  able  to 
obtam  fluorine  in  the  elementary  condition,  pronounce  it  to  be  a  gu 
whidi  possesses  the  colour  of  chlorine ;  but  the  experiments,  as  hitherto 
oondumd,  render  that  statement  extremely  doublral. 
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The  only  interesUag  fact  connected  with  flaonne,  is  the  remaTkable 
proportj  of  attacking  glass  and  other  ailicious  bodies,  belonejng  lo  its 
ooEobination  with  hjaroKen  ess,  called  hydrofluoric  acid.  Tois  acid  is 
easily  obtained  and  used  oy  placing  some  powdered  fluorspar  in  a  leaden 
trav  six  iachea  square  and  two  inches  deep.  If  solphiuic  Bind  is  now  mixed 
vitli  tiie  powdered  spar,  so  as  to  form  a  thin  paste,  and  heat  appl'e^ 
toe  vapour  of  the  hydrofluoric  acid  quicldy  rises,  oiid  can  be  employen 
to  etch  a  glass  plate  upon  which  a  drawinff  may  have  beeu  prcTiously 
traced  by  acratchins  away  the  wax,  with  which  it  is  first  coated.  By 
heating  the  glass  pmte  before  a  Are,  a  sufficient  quantity  of  wax  is  soon 
nelteaon  to  it  by  merely  rubbing  the  wax  sgainst  the  glass  plate ;  any 
excess  should  be  aroided,  if  a  well-execoted  drawing  is  required  to  be 
etched  on  iU  surface.  (Fig.  US.) 


Fig.  lift    m.  Tha  (!■«  plttfl  wlUi  tha  waai  ridi  domiwiih,  pliaal  an  tk* 
IflHltt]  tmjr  ecmtAlug  Uu  flnonpar  anil  iDlptiiuia  Kid.    ^  S|iuit  Uap. 


The  wax  plate  must  not  remain  too  long  over  the  leaden  tray,  u  the 
heat  is  apt  to  melt  the  wax,  when  the  acid  not  only  attacks  those  parts 
from  which  the  wax  has  been  removed  by  the  etching  needle,  hat  also 
the  surface  of  the  gkss  genenJlf,  and  thus  the  clearness  of  the  design 
is  spoilt.  Alter  exposure— and  it  is  as  well  to  prepare  two  or  three 
glass  plates  for  the  experiment — the  wax  is  qaickly  removed  by  mbbinK 
and  washing  with  oil  of  turpentine,  and  the  design  (beautifuUy  etched 
into  the  glass]  is  then  apparent. 


CHAPTER  Xn. 
CA&BOir,  BoaoH,  silicov,  gEUunnx,  sulphub,  fbobfboxdi. 
This  gronp  of  Don-metallie  elements  has  been  frequently  styled 
"MetaJloids,"  mcamng  substances  allied  to,  but  not  possessing,  ^tfae 
propertiee  belonging  to  a  metallic  sabstaocei  and  therefore  nerhaps 
the  expression,  non-metallic  solids,  is  the  best  that  can  be  adopted.  Thej 
may  be  subdivided  into  two  classes  of  three  each,  which  hafc  [iropbitics 
more  or  less  allied  to  each  other— via., 

Carbon,  Baron,  SUicon;  and 
Seleniuni,  Salphar,  Fhosphomi, 
x8 
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CA&BON. 

Symbol,  C;  Combining  proportion,  12'0. 

This  element  has  almost  the  property  of  ubiquity,  and  is  to  be  found 
not  only  in  idl  animal  and  vegetable  suostances,  in  common  air,  sea,  and 
fresh  water,  but  also  in  various  stones  and  minerals,  and  especially  is 
chalk  and  limestone. 

There  is,  perhaps,  no  element  which  offers  a  greater  variety  of  aniosinf 
experiments  and  elementary  facts  than  carbon,  whether  it  be  oonsiderea 
eitner  in  its  simple  or  combined  state. 

A  piece  of  carbon,  in  the  shape  of  the  Xoh-i-Noor,  was  one  of  the 
chief  attractions  at  the  first  Exhibition  in  Hyde  Park.  The  diamond  is 
the  hardest  and  most  beautiful  form  of  charcoal;  how  it  was  made  in 
the  great  kboratory  of  nature,  or  how  its  particles  came  together,  seems 
to  be  a  mystery  which  up  to  the  present  time  has  not  yet  been  solved, 
at  all  events  no  artificial  process  has  vet  produced  the  diamond. 

Sir  D.  Brewster,  speakmg  of  the  Koh-i-Noor,  remarks  that  onplacinc 
it  under  a  microscope,  he  ooserved  several  minute  cavities  surroondea 
with  sectors  of  polarized  light,  which  could  only  have  been  produced 
by  the  expansive  action  of  a  compressed  ^eu  orjtmd,  that  had  existed  in 
the  cavities  when  the  diamond  was  in  the  soft  state. 

Now  it  is  known  that  bamboo,  which  is  of  a  highly  silicious  natoit, 
has  the  property  of  depositing  in  its  joints  a  peculiar  form  of  silica, 
called  tabasheer.  Silicon  is  one  of  the  triad  with  carbon — i^.,  it  is  allied 
to  carbon  on  account  of  certain  analogies ;  may  it  not  then  be  supposed 
that,  in  times  gone  by,  ages  past,  when  the  atmosphere  was  known  to 
be  highly  charged  with  carbonic  acid  gas,  there  might  possibly  have 
existed  some  peculiar  tree  which  had  not  only  the  power  ox  decomposing 
carbonic  acid  (possessed  by  all  plants  at  the  present  period),  but  was 
enabled,  like  the  bamboo,  to  deposit,  not  silica,  which  is  the  oxide  of 
silicium,  but  carbon,  the  purest  K>rm  of  charcoal — viz.,  the  diamond  ? 
Speculation  in  these  matters  is  ever  more  rife  thau  stern  proof,  and  iX 
may  be  stated,  that  all  attempts  to  manufacture  this  precious  gem 
(Kke  those  of  the  alchemists  with  gold  and  silver)  have  most  signaUy 
failed. 

First  Experiment, 

Box  and  various  woods,  dried  bones,  and  different  oreanie  matters, 
placed  in  a  nearly  close  iron  or  other  vessel,  and  heated  red  not,  so  that  all 
volatile  matter  may  escape,  leave  behind  a  solid  black  substance  calkd 
charcoal.  If  that  kind  obtained  from  bones,  and  termed  bone  black  or 
ivory  black,  is  roughly  powdered,  and  pUced  in  a  flask  with  some  solu- 
tion of  indigo  or  some  vinegar,  or  syrup  obtained  by  dissolving  common 
moist  sugar  in  water,  and  boiled  for  a  short  perioid,  the  oo£ur  b  re- 
moved, and  on  filtering  the  liquid  it  is  found  to  be  as  clear  and  colour- 
less  as  water,  provided  sufiicicnt  ivory  black  has  been  employed. 
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Second  Experiment. 

Charcoal  is  a  disinfectant,  and  is  used  for  respirators ;  it  has  even  been 
recommended  medically,  and  charcoal  lozenges  can  be  bought  at  various 
chemists'  shops.  If  a  few  drops  of  a  strong  solution  of  hjdrosulphuret 
of  ammonia  (which  has  the  agreeable  odour  belonging  to  putrid  eggs) 
is  mixed  with  half  a  pint  of  water,  it  will  of  course  smell  strongly,  ana 
likewise  precipitate  Goulard  water,  or  a  solution  of  acetate  of  lead 
black ;  but  on  shaking  the  water  with  a  few  ounces  of  charcoal,  it  no 
longer  smells  of  sulphuretted  hydrogen,  and  if  filtered  and  poured  into 
a  solution  of  lead  does  not  turn  it  black.  This  chemical  action  of 
charcoal,  independent  of  Its  seeming  mechanical  attraction  for  colouring 
matter,  would  appear  to  show  that  the  pores  of  charcoal  contain  oxygen, 
which  in  that  peculiar  condensed  state  destroys  colouring  matter,  and 
oxidizes  other  bodies. 

Third  Experiment, 

A  very  satisfactory  experiment,  provinff  that  the  diamond  and  plum- 
bago  or  black  lead  are  identical  with  charcoal,  although  differing  iu 
outward  form  and  purity,  can  be  made  at  a  little  cost, 
by  purchasing  a  fragment  of  refuse  diamond,  called 
'\boart;'  of  Mr.  Tennant  of  the  Strand.  A  small 
piece  costs  about  five  shillings.  The  fragment  should 
be  carefully  supported  by  winding  some  thin  platinum 
wire  round  it,  as,  if  the  wire  is  too  thick,  it  cools 
down  the  heat  of  the  bit  of  diamond  and  prevents  it 
kindling  in  the  oxygen  gas.  A  difficulty  may  arise  in 
preparing  the  fragment,  in  consequence  of  the  wire 
continually  slipping  off.  The  "  boart"  should  llicre- 
fore  be  grasped  by  the  thumb  and  first  finger,  and  the 
wire  wound  round ;  then  it  must  be  carefully  turned 
and  again  wound  across  with  the  platinum  wire,  as 
in  the  sketch  below.  (Fiff.  J50.) 

A  piece  of  black  lead  (so  called)  may  now  be  taken 
from  a  lead  pencil  and  also  support-ed  by  platinum 
wire ;  likewise  a  bit  of  common  bark  charcoal  or  hard 
coke.  Three  bottles  of  oxygen  should  now  be  pre-  -.«.  .«w.  -.*-., 
pared  from  chlorate  of  potash  and  oxide  of  manga-  Sj*^^°^tTf  "b!)*sS^ 
ncse,  an  extra  bottle  bemg  provided  for  the  diamond  orroftM°  <5amond. 
in  case  there  should  be  any  failure  in  its  ignition. 
The  bark  charcoal  can  be' first  ignited  by  holding  a  comer  in  the  spirit 
lamp  for  a  few  seconds;  when  plunged  into  oxygen  it  immediately 
kindles  and  bums  with  rapidity,  and  if  the  cork  is  well  fitted,  the 
product  of  combustion — viz.,  carbonic  acid  gas — is  retained  for  future 
examination.  The  small  piece  of  black  lead  is  next  heated  red  hot  in 
the  flame  of  the  spirit  lamp,  and  being  attached  by  its  platinum  sup. 
port  to  a  stiff  copper  wire  thrust  through  a  cork,  which  fits  the  bottle 
of  oxygen,  is  placed  whilst  red  hot  in  the  gas,  and  continues  to  glow 
until  consumed.    The  fragment  of  diamond  is  by  no  means,  however  so 


Fiff.  160.     ▲.  Tbo 
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nailv  ignited,  the  flame  of  the  ipirit  Lunp  must  be  urged  npoo  it  viU 
the  blowpipe ;  when  quite  red  hot,  an  assistant  maj  remore  the  ttoffa 
from  the  bottje  of  oxjgen,  and  the  persoii  heatbg  the  diamond  straald 
plniige  it  instantly  into  the  gas;  if  this  is  dexterooslj  manage^  ihr 
iragmeat  of  Seart  ^lows  like  a  little  star,  and  the  combustion  fittjuentlc 
continaes  till  the  piece  diminishesso  much  that  it  falls  out  ofitsi^atiiiBui 
support. 

S>mctimes  the  dismoud  cools  down  without  igniting,  the  aau  jta- 
cess  must  therefore  be  repealed,  and  a  few  extra  bottles  of  oitcfd 
will  prevent  disappointment,  as  ereij  failure  destroys  the  pnritf  of  \he 
J  admixture  with  a'.uospheric  air  when  the  stopper  is  TemORd. 


The  oombostion  Lsviog  ceased  in  the  three  bottles,  the  cotb  >R 
removed,  and  the  glass  stoppers  again  fitted  for  the  purpose  of  testini 
the  prOdactt,  which  offer  no  apparent  indication  of  aaj  change,  as  oijgo 
and  carbonic  acid  gas  are  both  invisible.  In  each  oottle  a  new  eon- 
bination  has  been  produced ;  the  charcoal,  the  bkct  lead,  the  djamoiul 
have  united  with  the  oijgen,  in  the  proportion  of  six  parts  of  carboa  to 
sixteen  parts  of  oxjgcn,  to  form  twentj-two  parts  of  carbonic  acid  gw 
which  may  be  easily  detected  by  pouring  into  each  bottle  a  small  qu^ 
tity  of  a  solution  of  slacked  lime  in  water,  called  lime  water.  Tliii 
test  is  easily  made  by  shaking  up  common  slacked  lime  with  rain  or 
distilled  water  for  aMut  an  hour,  and  then  passing  it  through  a  caiin 
or  paper  filter.  The  test,  though  perfectly  dear  when  poured  in,  br 
cones  immediately  clouded  with  a  white  precipitate,  usually  tefmcd  > 
miltintti,  no  doubt  in  allusion  to  the  London  milk,  which  v.  supposed '-^ 
contain  a  notable  proportion  of  chalk  aod  water,  for  in  this  case  >^ 
precipitate  is  chalk,  the  carbonic  acid  from  the  diamond  and  the  charcoil 
baring  united  with  the  lime  held  in  solution  by  the  water  and  fonDM 
carbonate  of  lime,  or  chalk,  a  substance  similar  in  composition  l^ 
marble,  limestone,  Iceland  or  double  refracting  spar,  these  three  bang 
nearly  similar  in  composition,  and  diftcring  only,  like  carbon  and  lb 
diamond,  in  external  appearance. 
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I  he  milkiness,  however,  mast  not  be  held  as  conclusive  of  the  pre- 
sence of  carbonic  acid  gas  until  a  little  yineear  or  other  acid,  such  as 
hjrdrochloric  or  nitric,  has  been  finally  added;  if  it  now  disappears 
with  effervescence  (like  the  admixture  of  tartaric  acid,  water,  ana  car- 
bonate of  soda),  the  little  bubbles  of  carbonic  add  gas  again  escaping 
slowly  upwards,  leaving  the  liquid  in  the  three  bottles  quite  clear,  then 
the  experimentalist  may  sum  up  his  labours  with  these  effects,  which 
prove  in  the  most  decisive  manner  that  common  charcoal,  black  lead, 
and  the  diamond,  are  formed  of  one  and  the  same  element — viz., 
carbon. 

Fourth  Experiment. 

Having  effected  the  synthesis  (or  combining  toother)  of  the  diamond 
and  oxveen,  it  is  no  longer  possible  to  recover  it  in  its  brilliant  and 
beautinu  form.  If  the  product  of  combustion  is  retained  in  a  flask 
made  of  thin,  hard  glass,  and  two  or  three  pellets  of  the  metal  potassium 
are  pUced  in  directly  after  the  diamond  has  ceased  to  bum,  and  tJie 
flame  of  a  spirit  lamp  applied  till  the  potassium  ignites,  then  the  metal, 
by  its  great  affinity  for  oxygen,  takes  away  and  separates  it  again  from 
that  which  was  formerly  tne  diamond ;  but  instead  of  the  jewel  being 
deposited,  there  is  nothmg  but  black,  shapjeless,  and  minute  particles  of 
carbon  obtained,  if  the  potash  produced  is  dissolved  in  water,  and  the 
charcoal  separated  by  a  niter. 

Fifth  Experiment. 

Chalk  is  made  by  uniting  carbonic  acid  gas  with  lime ;  it  may  there« 
fore  be  employed  as  a  source  of  the  gas,  oy  placing  a  few  lumps  of 
chidk,  or  marble,  or  limestone,  in  a  bottle  such  as  was  used  in  the  gene- 
ration of  hydrogen  gas ;  on  the  addition  of  some  water  and  hydrocmoric 
acid,  effervescence  takes  place  from  the  escape  of  carbonic  acid  gas,  and 
the  cork  and  pewter  pipe  being  adapted,  it  may  be  conveyed  by  its  own 
gravity  into  passes,  juss,  or  any  other  vessels,  and  a  pneumatic  trough 
will  not  be  required.  Carbonic  acid  gas  has  a  specific  gravity  of  1*529. 
and  is  therefore  rather  more  than  half  as  heavy  agam  as  atmospheric  air. 

Sixth  Experiment. 

In  order  to  satisfy  the  mind  of  the  operator  that  the  gas  obtained 
from  chalk  is  similar  to  i)i^  product  of  combustion  from  the  diamond,  some 
lime-water  may  be  placed  in  a  glass,  and  the  gas  from  the  bottle  allowed 
to  bubble  through  it ;  instantly  the  same  mukiness  is  apparent,  which 
again  vanishes  on  the  addition  of  acid.  And  this  experiment  is  rendered 
still  more  striking  if  a  lighted  tM)er  be  placed  in  the  gUss  just  after  the 
addition  of  the  acid,  when  it  will  be  immediately  extinguished. 

Seventh  Experiment, 

If  a  lady's  muff-box,  supported  by  threads  or  chains,  is  hung  on  one  end 
of  a  scale-beam,  and  counterbalanced  by  a  scale  pan  and  a  few  shot,  it  is 


boy's  putbook  of  aciKKOS. 


bouc  seal  gu,  V 

TCMeL    Aft«r  ihowing  the  weight  of  the  km.  t 

"    '    im,  and  the  contents  poured  upon  «  »eiie»o(hgBM 
all  extinguished  in  succession.  (Fig.  153.) 


shed  muff-boi,  uid  a 


The  propertj  of  ciirbonic  acid  gaa  of  eitiu|piishin£  Qome,  is  coi"- 
pared  with  the  contrary  propertj  of  oijecn,  u  nice^  shorn  bj  fif' 
passing  into  a  laive  and  tall  gas  jar  one  half  of  its  volume  of  oi^ 
gai;  a  large  oork  peribrated  wit.h  holes  ms;  be  introduced,  m  » 
lo  float  upon  the  surface  of  the  water  m  the  gas  jar,  and  is  useful; 
employed  to  break  the  violence  vith  which  the  carbonic  acid  enten  vi' 
gas  jar,  as  it  ia  passed  in  to  fill  up  the  reoiaimng  half  volume  of  tie  g*) 

Iar,  which  now  contains  oxygen  at  the  top,  and  cttrbonic  add  gas  *t  U|' 
Kittom.  On  t«sting  the  contents  of  the  jar  with  a  lighted  taper,  ii 
bums  fleroety  in  the  oxygen,  bnt  is  immediately  eitii^uished  m  th; 
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fiubonic  acid  ru,  bemg  sltcnuttelj  lifted  and  put  oat  as  it  is  raised  or 
depressed  ia  tLe  gas  jw. 

NiiUh  ErperiBieiu. 

A  little  treacle,  vater,  and  a  minute  portion  of  size,  maj  be  placed 
with  some  jeast  in  a  quart  bottle,  to  wbich  a  cork  and  pewter  or  glan 
pipe  is  atUohedi  ditectlv  the  (ermentatioD  begins,  qntfitities  of  car- 
bonic acid  gas  raa;  be  collected,  and  tested  either  vithlime'VaUroriha 
lighted  taper. 

Te»ih  Ezperiment. 

Some  clear  lime-water  placed  in  a  conTenient  glass  is  quickl;  rendered 
milkj  on  passing  throogh  it  the  air  from  the  itmgs  bj  means  of  a  glass 
tube  1  thus  proving  that  respiration  and  (as  shown  bj  the  ninth  ex- 
periment) fernientation,  as  well  as  the  combustion  of  charcoal,  produce 
carbonic  acid  gas. 

Elmentk  EiperimaU. 

Carbonic  acid  gas  is  not  onlj  generated  by  the  above  processi^,  but 
is  Kberaled  natonul;  in  enormous  quantities  from  volcanoes,  and  from 
certain  soils:  hence  the  peculiar  nature  of  the  air  in  the  Grotto  del 
Cane.  Dogs  thrust  into  this  cave  drop  down  immediately,  and  are 
immediately  revived  b;  the  tender  mercies  of  the  guides,  who  throw 
them  into  the  adjoining  lake.  This  Dstural  phenomenon  is  well  imitated 
b;  taking  a  Ixo,  open  at  the  top,  and  naihng  on  to  it  a  frame  of  card- 


o(b»i,wd 

■tmngh  hola  Id  lb*  tide  of  the  box.    A  tipti  ini 
tttlnguliliad  In  Uu  loww,  put  oTUu  model. 
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board,  which  may  be  Dainted  to  represent  rocks,  takiiig  care  that  a  poitiea 
(about  three  incnes  aeep)  at  the  lower  part  is  well  pasted  to  the  oox  at 
the  edsesi  so  that  the  gas  maj  be  retained ;  a  hole  is  perforated  at  the 
top  side  to  admit  a  lighted  taper,  and  another  at  the  side  for  the  pipe 
from  the  carbonic  acid  bottle ;  when  the  bottom  is  filled  with  ^,  a 
taper  is  applied,  which  is  found  to  bum  in  the  upper  part,  but  is  imme- 
diately extinguished  when  it  reaches  the  lower  diyision,  where  the  three 
inches  of  pasteboard  prevent  it  falling  out :  thus  showing  in  a  simple 
manner  why  a  guide  may  enter  the  cave  with  impuxut^,  whilst  the  doer 
is  rendered  insensible  because  immersed  in  the  gas.  (Iig.  153.) 

Twelfth  Experiment, 

Many  fatal  accidents  have  occurred  in  consequence  of  the  air  in  deep 
pits,  graves,  &c.,  becoming  unfit  for  respiration  by  the  accumulation  of 
carbonic  acid  eas,  which  may  arise  either  from  cavities  in  the  soil,  where 
animal  matter  nas  undergone  decomposition,  or  it  may  happen  from  the 
depth  and  narrowness  of  the  hole  or  well  preventing  a  proper  drangjit 
or  current  of  air,  so  that  it  becomes  foul  by  the  breathing  of  the  man 
who  is  digging  the  pit.  Air  which  contains  one  or  two  per  cent,  of 
carbonic  acid  will  support  the  respiration  of  man,  or  maintAJn  the  flame 
of  a  candle ;  but  it  produces  the  most  serious  results  if  inhaled  for 
any  length  of  time ;  a  lighted  candle  let  down  into  a  well  (suspected 
to  contain  foul  air)  before  the  descent  of  the  person  who  is  to  work 
in  it,  may  bum,  but  does  not  indicate  the  presence  of  the  smaU 
percentage  of  the  poison,  carbonic  acid.  Frequently  no  trouble  is  taken 
to  test  tne  air  with  a  lighted  candle;  a  man  is  lowered  by  his  com- 
panions, who  see  him  suddenlv  become  insensible,  another  is  then  lowered 
quickly  to  rescue  him,  and  he  shares  the  same  fate ;  and  indeed  casesi 
have  occurred  where  even  a  third  and  a  fourth  have  blindly  and  igno- 
rantly  rushed  to  their  death  in  the  humane  attempt  to  rescue  their  fdiow 
creatures.  What  is  to  be  done  in  these  cases?  Are  the  living  to 
remain  idle  whilst  the  unfortunate  man  is  suffocating  rapidly  at  the 
bottom  of  the  pit  ?  No ;  provided  they  do  not  venture  themselves  into 
the  pit,  they  may  try  every  known  expnedient  to  alter  the  condition  of 
the  loul  air,  so  as  to  enable  them  to  descend  to  the  rescue.  One  shonld 
be  despatched  to  any  neighbouring  house  or  cottage  for  a  pan  of  bumme 
coals;  if  any  slacked  lime  is  to  be  had,  it  maybe  rapidly  mixed  with 
water,  and  poured  down  the  side  of  the  pit ;  a  bundle  ot  shavings  set 
on  fire  and  let  down,  keeping  it  to  one  side,  so  as  to  establish  a  current ; 
or  even  the  empty  buckets  constantly  let  down  empty  and  pulled  up  full 
of  the  noxious  air,  may  appear  a  somewhat  absurd  step  to  take,  bat 
under  the  circumstances  any  plan  that  will  change  the  air  suffidentlv  to 
enable  another  person  to  descend  must  be  adopted;  in  proof  of  wnidi 
the  following  experiments  may  be  adduced : 

Fill  a  deep  glass  jar  with  carbonic  acid,  and  ascertain  its  pieaeDoe 
with  a  lighted  taper ;  if  a  beaker  glass  to  which  a  string  is  attadied  is 
let  down  into  the  vessel  and  drawn  up,  and  then  inverted  over  a  limited 
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taper,  the  ntilitj-  of 
this  simple  plan  is  at 
once  rendered  appa^ 
rent ;  the  beaker  glasa 
represents  the  emptj 
bucket,  ukd  CUE  be  let 
down  and  pulled  np 
full  qE  carbonic  acid 
nnlil  a  sensible  chan^ 
in  the  condition  of  the 
atmosphere 
dnced.  Thet 
however,  is. to  set  the 
air  in  motion  by  beat 
obtained  from  burning 
niatt«r,or  evena  kettle 
of  boiling  wat«r,  low- 
ered by  a  cord,  and 
this  fact  is  welt  showo 
by  pntting  a  small  flask 
full  of  boiling  water,      f'T 

sItW  "'!"'■  li-X'— -.  -  — .™,..  .^■. ...».,« 

tom  of  the  deep  glass     gw  rUci  ud  the  L-uld  air  df  B«Ddi  in  ukc  Ha  plsw. 

iai  containing  the  car- 
bonic acid  gas,  which  rises  liie  other  gases  when  sufficiently  heated,  and 
passing  away,  mixes  with  the  surrounding  air.  (Fig.  151.) 

Thirteenlh  Ezpenraent. 
Carbonic  acid  gas  dissolved  in  water  under  considerable  pressure, 
forms  that  most  agreeable  drink  called  soda-water ;  the  gas  is  not  only 
Dseful  in  this  respect,  bat  has  been  applied  most  successfully  bj  Mr. 
Gumey  to  eitbguish  a  fire  on  a  gigantic  scale,  which  bad  been  burning 
for  years  in  the  waste  of  a  coal  mine  in  Scotland,  The  same  gas,  gene- 
rated suddenly  by  the  combustion  of  a  mixture  of  nitre,  coke  dust,  and 
day,  or  plaster  of  Paris,  in  vessels  of  a  peculiar  construction,  has 
formed  the  subject  of  a  patent  by  Phillips,  since  merged  into  the  Fire 
Annibilator  Company.  Tne  instrument  is  pecuharly  adapted  for  ship- 
ping, and  might,  if  prooerly  used,  be  the  means  of  saving  many  ships  and 


valuable  lives,  (Fig.  ISfi.) 

Its  practical  value  is  established  by  the  test  of  actual  n 


D  the 


streets,  by  the  Leeds  Fire  Brigade,  and  by  firemen  of  the  Fire  Anni- 
hilator  Company,  temporarilv  stationed  at  Liverpool  and  Manchester. 

The  Fire  Annihilator  has  been  formally  recognised  by  the  Government 
Emigration  Commissioners,  who  introduced  into  the  Passengers'  Act, 
1858,  in  J  34,  the  alternative,  "  Or  otkn  apparattufor  exlinguUkingfire," 
vith  distmct  reference  to  this  invention,  and  subseguently  b^  formid 
order  authorized  (heir  officers  to  pass  ships  carrying  Fire  Auiilulatota. 
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FlC.  UE.      .      t   i-TTliip  wtlhriT  Br.  .nnlhlLlj,!-    M-    i  ^—    «.^-J -m,   |n|||  ^1|| 

TbaMdiof  Ihe  cairlig*  fonoi  a  unk  fur  tonj  giUotuoC  wtta;  Uiati&k  li  01 

bnngbole  In  the  rMtarmi  ■pUcnt  Up !•  StUd  lo  tba  nu of  tlu  sankni  ■  m\ 

li  pliodl  In  ifalui  •( 


lie  plfttlbrm:  ■  nLcnt  Up  . 

cwrlagl ;  ■  InlhR  boclm  «lUi  li>ot-hi>Idi  ind  Uii 
i-urligfl  i  m  hinuiwT  for  mnorliiir  nd  drivhiff  on  II 
put  wimch  rn  tbt  Ha.  10  truck,  ire  plued  In  tha  b 
■tth  DOTMblij  piM  on  ■  inini  tnicl^  b  UUelMd  lo 
Tke  biltFrjf  li  Btud  wItS  ihini  Ibr  on*  boiM.  It 
•halti,  M  that  Ibc  bUIcj  iu)r  be  drurn  bj  hand. 


Ii  aiu  pnridAd  ta 


Monsieur  Adolphe  Girard  has  proposed  tbat  oU  bouses  shooU  be 
provided  witli  an  apparatus  for  the  generation  of  catrbonic  acid  gas, 


n*.  Itf.  1.  Tank  notihibig  acid, 
eSiS  awl  vattT.  c  c  c  c  Pipta  eaan 
MtUmt,  wbtre  It  b  diicbariTd  from  di 
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placed  outside  the  baildisg,  which  is  to  be  conveyed  along  the  ceiling 
by  means  of  pipes  perforated  with  nomerons  holes,  and  to  be  put  in 
operation  directly  a  fire  breaks  out.  This  plan,  however  insenions, 
could  hardly  supply  the  carbonic  add  gas  with  sufficient  nipimty,  and 
it  is  to  be  fearea  would  utterly  fail  in  practice.  (Fig.  16G.) 

BORON. 

Symbol,  B ;  combining  proportion,  11*0. 

Discovered  by  Davy,  in  1807,  in  borax,  which  is  a  biborate  of 
^oda  (Shfifij)  and  is  used  very  extensively  in  the  manufacture  of 
glass;  also  for  glazing  stoneware  and  soldering  metals;  it  is  also  a 
valuable  flux  in  various  crucible  operations,  whDst  in  testing  minerals 
with  the  blowpipe  it  is  invaluable.  'Borax  is  made  either  from  lineal,  a 
substance  that  occurs  naturally  in  some  parts  of  India,  China,  and 
Persia,  or  b^  the  addition  of  carbonate  of  soda  to  boracic  acid,  a  sub- 
stance obtained  from  the  volcanic  districts  of  Tuscany,  whence  it  is 
imported  to  this  country,  and  used  in  the  manufacture  of  borax. 

The  element  boron  may  be  obtained  by  placing  some  pure  boracic 
acid  and  some  small  bits  of  potassium  in  a  tube  together,  and  applying 
the  flame  of  a  spirit-lamp,  a  glow  of  heat  takes  place,  and  when  toe  tube 
is  cold  the  potash  may  be  washed  away,  and  the  boron  remains  as  a 
dark  brownish  powder  somewhat  resembling  carbon.  M.  St.  Claire 
Devil  le  and  Wohler  have  lately  made  some  important  discoveries  with 
respect  to  this  element,  and  disproved  the  statement  that  it  is  uncrvstal- 
lizable.  Their  researches  prove  it  to  be  producible  under  three  forms 
and  of  various  colours,  such  as  honev  yellow  and  garnet-red,  the  crystals 
in  some  cases  being  like  diamonos  of  the  nurest  water — i\e.,  limpid 
and  transparent.  A  new  combination  of  aluminium  and  boron  is 
stated  to  possess  the  most  remarkable  properties.  It  is  harder  than 
the  diamond,  and  in  the  state  of  powder  wul  cut  and  dnll  rubies,  and 
even  the  diamond  itself,  with  more  facilitv  than  diamond  powder. 
DeviUe  and  Wohler  incline  to  the  belief  that  tne  diamond  is  dimorphous, 
and  capable  (in  conditions  yet  to  be  described)  of  assuming  the  same  forms 
as  boron.  At  a  high  temperature,  boron,  like  titanium,  absorbs  niirogen 
only  from  the  atmosphere,  and  rejects  the  oxygen.  (Query,  may  not 
some  of  those  remarkably  hard  bbck  diamonds  prove  to  be  boron  F; 

siucov. 

Symbol,  Si ;  combining  proportion,  28*5. 

The  i^eat  Davy  was  the  first  to  obtain  this  element  in  1807> 
Silicon  in  the  pure  state  is  a  dark  brown  powder;  if  ignited  at  a  very 
high  temperature  it  assumes  a  chocolate  colour,  which  is  supposed  to 
be  the  atlotropic  condition,  because  it  no  longer  bums  when  heated 
moderately  in  oxygen  or  air,  and  is  not  attacked  by  hydrofluoric  acid. 
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The  most  interestiiig  oombinaiioii  of  silioon  is  tbe  dkndde  cM 
silica  (8i,0).  Silicon  is  next  to  oxysen  so  far  as  regards  its  plea- 
tifolness,  and  is  found  in  the  state  of  silica  in  nearly  e^eiy  miDenl 
bat  especially  in  rock  crystal,  quartz,  flint,  sand,  jasper,  anie,  u^ 
tripoli.  It  is  lareely  used  in  the  manufacture  of  glass,  and  a  swst 
useful  "  soluble  glass"  is  obtained  by  melting  together  in  a  craoUe 
fifteen  parts  of  sand,  ten  parts  of  carbonate  of  potash,  and  one  psrtof 
charcoal. 

Gold  water  merely  washes  away  the  excess  of  alkali,  and  after  this  b 
done  the  powdered  soluble  glass  may  be  boiled  with  water  ui  the  pro- 
portion of  one  of  the  former  with  five  of  the  latter,  when  it  ^;ndu!iT 
dissolTes ;  the  solution  mar  be  evaporated  to  a  thick  pasty  fluidi  vhkl 
looks  like  jelly  when  coot  and  on  exposure  to  the  air  m  thin  filas 
changes  to  a  transparent,  colourless,  brittle,  but  not  hard  glass.  Wood, 
cotton,  and  linen  fabrics  are  rendered  less  combustible  when  oosted 
with  this  elass,  which  excludes  the  oxygen  of  the  air,  and  it  has  Istdy 
been  employed  to  fill  up  the  porous  and  capillary  openings  in  stoae 
exposed  to  the  atmosphere,  and  is  stated  to  be  very  efficadoos  as  s 
preservative  of  the  stone  in  some  cases. 

SULPHT7B. 

Symbol,  S ;  combining  proportion,  16. 

Sulphur,  like  charcoal,  is  of  common  occurrence  in  nature,  and  s 
chiefly  supnlied  from  the  volcanic  districts  of  Toscanv  and  SicOy :  tixre 
is  an  abundance  of  this  element  in  the  United  Kincdom,  but  then  it  is 
locked  up  in  combination  with  iron,  copper,  andlead,  under  the  naiDe 
of  iron  pyrites,  copper  pyrites,  galena;  ajid  whilst  Sicily  and  Tnscuj 
supply  thousands  of  tons  weight  in  the  uncombined  state,  it  is  not,  w 
course,  worth  while  to  go  through  expensive  operations  at  home  for  tbe 
separation  of  sulphur  mm  the  ores.  During  tne  dispute  between  Sieflr 
and  England,  several  patents  were  secured  ror  new  and  eoonomicsl  dio- 
cesses  by  which  sulphur  was  obtained  firom  various  mtTwr^lg ;  and  W 
this  country  been  excluded  from  a  supply  of  native  sulphnr,  no  dooU 
some  of  these  patents  would  now  be  in  active  operation. 

It  is  almost  possible  to  estimate  the  commercial  prosperitj  of  a  coonti; 
by  the  sulphur  it  consumes,  not,  happUv,  by  their  wwnke  operations,  bat 
in  the  manufacture  of  oil  of  vitriol  or  sulphuric  acid,  whidi  is  tbe  stsrtio? 
point  of  a  great  number  of  useful  arts  and  manufM^ores. 

Finl  EgpaiwieMl. 

Some  very  carious  results  may  be  obtained  by  heating  so^ibar  at  cer- 
tain temperatures;  in  the  ordinair  state  it  is  a  pale  yellow  solid,  isd 
when  subjected  to  a  temperature  of  226°  Ttkr,  it  mdts  to  a  brownisli- 
yellow,  transparent,  thin  fluid ;  according  to  all  preeonceived  notioBS  of 
the  properties  of  substances  which  liqoi^f  by  an  increase  of  belt,  it 
udtft  be  imagined  that  eveij  additional  dqjree  of  bent  wooU  or^T 
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render  the  melted  sulphur  still  more  ligoid,  bnt  strange  to  say,  when  it 
reaches  a  temperature  of  about  320^  l*ahr.  it  ohan^  red,  and  thick 
like  treacle ;  and  as  the  heat  rises  it  becomes  so  tenacious,  that  the  ladle 
in  which  it  is  contained  may  be  inverted,  and  the  snlphor  will  hardly 
flow  out :  at  about  482°  Fahr.  it  ajniin  becomes  liauid,  but  not  so  fluid 
as  at  the  lower  temperature.  If  afiowed  to  cool  irom  482°  Eahr.,  the 
above  results  are  simply  inverted ;  the  sulphur  becomes  thick,  again 
liquid,  and  finally  crystallizes  in  long,  thin,  rhombic  prisms,  which  are 
seen  most  perfectly  oy  first  allowing  a  crust  of  sulphur  to  form  on  the 
liquid  portion,  and  then  having  made  two  holes  in  this  crust,  the  sulphur 
is  poured  out,  when  the  remainder  is  found  in  the  interior  of  the  crucible 
crystalUzed  in  the  form  already  mentioned.  Sulphur  takes  fire  in  the 
air  when  exposed  to  a  heat  of  about  560°  Fahr.,  and  bums  with  a  pale 
blue  flame ;  and,  as  already  stated,  it  may  be  poured  from  a  considerable 
height  on  a  still  dark  night,  and  produces  a  continuous  column  of  blue 
fire,  just  like  an  unbroken  current  of  electricity.  If  the  melted  and 
burmng  sulphur  is  received  into  a  vessel  contaimng  boiling,  water,  it  is 
no  loncer  yellow,  but  assumes  a  curious  allotropie  state,  in  which  it  is  a 
reddish-brown,  transparent,  shapeless  mass,  that  may  be  easily  kneaded 
and  used  for  the  purpose  of  taking  casts  of  seals,  which  become  yellow 
in  a  few  days,  ana  are  found  then  to  be  hard  and  ciystallized. 

Second  Experimeni. 

Sulphur  vapour,  in  one  sense,  may  be  regarded  as  a  supporter  of  com- 
bustion :  if  a  clean  Florence  oil-fiask  is  fill^  with  copper  turnings,  and  a 
little  roughly-powdered  sulphur  sprinkled  in,  and  heat  applied,  the  copper 
fldows  with  an  mtense  heat,  and  burning  in  the  vapour  of  tne  sulphur,  pro- 
ouces  a  sulphuret  of  copper ;  from  this  compound  the  sulphur  majrbe  aeain 
obtidned  by  boUinfi;  the  powdered  sulphuret  with  weak  nitric  acid,  which 
oxidizes  and  dissolves  tlie  copper,  leaving  the  greater  part  of  the  sul- 
phur behind,  which  may  be  collected,  melted,  and  burnt,  and  will  be 
tound  to  display  all  the  properties  belonging  to  that  element.  This 
experiment  is  a  very  eood  example  of  simple  analysis;  and  if  the 
copper  is  weighed  and  lixewise  the  combined  sulphur,  a  good  notion  may 
be  formed  of  tne  principles  of  combining  proportions. 

Third  Sxperimemi, 

A  little  sulphur  burnt  under  a  gas  jar,  or  in  any  oonyemeDt  box  (a 
hat-box,  for  instance),  produces  su^hurous  add  (SO,),  which  will  bleach 
a  wetted  red  rose  or  dahlia^  and  many  other  flowers.  This  sas  is  em- 
ployed most  extensively  in  bleaching  straw,  and  sundry  woolleii  goodn, 
aucn  as  blankets  and  flannel,  and  likewise  ailk,  and  is  pernaps  one  of  the 
best  disinfeetants  that  can  be  empbyed ;  when  fever  has  been  raging  in 
the  dwellings  of  the  poor,  as  in  cottages,  ftc,  all  metallic  substances 
should  be  removed*  the  doors  and  wmdowsckMed,  the  beddings  fto^  weli 
exposed,  and  thm  a  qnanlafy  of  sulphur  should  be  boni  la  en  oU  fij* 
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ing.pon  placed  on  a  brick,  taking  care  to  avoid  the  chance  of  settiiy  the 
place  on  fire ;  after  a  few  hoars  the  doors  and  windows  may  be  opened^  ud 
the  disinfectant  will  be  found  to  have  done  its  work  cheaply  and  sozelr. 

Fourth  Experiment, 

.  The  presence  of  sulphur  in  various  organic  substances,  such  as  hair, 
the  white  of  egg,  and  fibrine,  is  easily  aetected  by  heating  them  in  a 
solution  of  potash,  and  adding  acetate  of  lead  as  urns  as  the  preciDi- 
tate  formed  is  redissolved ;  hnally  the  solution  must  be  heated  to  Ute 
boiling  point,  when  it  instantly  becomes  bbick  by  the  separation  of  sol- 
phuret  of  lead. 

Fifth  Experiment. 

Sulphuric  acid,  H3SO4,  or  oil  of  vitriol,  is  made  in  such  enormous 
quantities  that  it  is  never  worth  while  to  attempt  its  preparation  on  a  small 
scale.  In  consequence  of  its  great  affinity  for  water,  many  energetic 
changes  arc  produced  by  its  action.  Oil  or  vitriol  poured  on  some  loaf 
sugar  placed  m  a  breakCast-cup  with  the  addition  of  a  dessert-spooniiil  of 
bouing  water,  rapidly  boils  and  deposits  an  enormous  quantity  of  black 
charcoal.  If  a  wora  be  written  on  a  piece  of  white  calico  with  dilate 
sulphuric  acid,  and  then  rapidly  and  tnoroughly  washed  out,  no  visible 
change  occurs ;  but  if  the  calico  is  exposed  *^o  heat,  so  that  the  excess 
of  water  is  driven  off,  the  remmning  and  now  concentrated  oil  of  vitriol 
attacks  the  calico,  and  the  word  is  indelibly  printed  in  black  by  the 
decomposition  of  the  fabric  of  cotton.  A  very  remarkable  process  has 
lately  been  introduced  by  Mr.  Warren  de  la  Rue,  by  which  paper  is  con- 
verted into  a^ort  of  tough  parchment-like  material,  called  ametastine^  by 
the  action  of  oU  of  vitriol  and  water  of  a  certain  fixed  strength ;  and  any 
departure  from  the  exact  proportions  destroys  the  touffhness  of  the  paper. 
After  the  paper  has  been  acted  upon  by  the  add,  it  oecomes  extremely 
tenacious,  and  will  support  a  considerable  weight  without  breaking.  Mr. 
Smee  has  used  this  ametastinc  in  the  construction  of  an  hygrometer,  and 
states  that  it  may  save  many  a  traveller  from  catching  a  severe  rheu- 
matism in  a  damp  bed. 

Sixth  Experiment. 

When  the  vapour  of  sulphur  is  passed  over  red-hot  charcoal  and  the 
product  carefully  condensed,  a  peculiar  liquid  is  obtained,  called  bisnl- 
phide  of  carbon  (CS^),  which  possesses  a  peculiar  odour,  is  extremely 
transparent  and  brilliant-looking,  and  enioys  a  high  refractive  power. 
This  liquid  is  used  as  a  solvent  for  phosphorus  and  other  substances,  and 
is  extremely  volatile  and  combustiole,  and  bums  silently  with  a  pale 
blue  flame."  llie  combustion  of  its  vapour,  mixed  with  certain  gises^ 
offers  a  good  example  of  the  fact  that  slow  burning  may  be  a  peaceful 
experiment,  whilst  very  rapid  combustion  often  resolves  itself  into  an 
explosion.  Thus,  if  a  few  drops  of  bisulphide  of  carbon  are  dropped  into 
a  narrow-mouthed  dry  quart  bottle  containing  common  air,  and  flame 
applied,   the  combustion    takes  pUce    with  rapidity,   a  ruahii]^  or 
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KttriDg  witDd  beinf;  audible,  in  cooMqaence  of  the  diffoaed  Tapoui  bring 
■upplied  witli  more  oxjgen,  aod  burning  more  npjdl;  than  it  would  do 
if  BiiDplj  coosnined  froni  &  stick  or  (flau  lod  wetted  with  the  fluid.     A. 

still  greater  rapiditj  o!  conibnstioD  u  ensured  b^  dropping  tome  bisul- 
phide of  carbon  into  a  long  Atout  cjlindrical  jor,  fitteen  inches  long 
and  three  inches  in  diameter,  containing  nitrio  oxide  gas  (NO) ;  when 
flame  is  applied  the  mixture  bums  with  s  bright  flash  and  some  noiae, 
and  if  burnt  in  a  narrow  mouthed  bottle  would  most  likelj  blow  it  to 

The  greatest  rapidit;  ot  conbustion,  and  of  course  the  loudeat  noise, 
is  obtained  by  sliakins  some  bisulphide  of  carbon  in  a  similar  atont  and 
strong  cjlindrical  jar  filled  with  oxjgen  gaa,  but  in  this  case  the  jar 
must  De  protected  with  a  double  cjruider  of  stout  wire  gauze;  it  doea 
not  alwBjs  break,  but  if  it  is  blown  to  fragments  each  particle  becomes 
a  lancet-shaped  piece  of  glass,  which  is  capable  of  producing  the  inosi 
dangerous  wooiiai.    (Fig.  157 -) 


ibla  wtrv  gwiie,  opot  top  aw)  bottom. 


Selenium  (irAqni,  the  Moon*) ;  symbol,  Se;  combiniog 
•  proportion,  79'S' 

Tbis  new  metallio  element  is  allied  lo  sulphur,  and  is  a  species  of 
chemical  curiositT,  being  found  in  minute  quantities  b  Tarioos  minerals ; 
It  may  be  melted  and  cast  mto  on;  form.  Medallions  of  the  discoverer 
fBenelius)  of  selenium,  in  little  cases,  are  imported  from  Germany, 
lor  the  cabinets  of  the  curious. 

•  CdbdHlmlomoaKeomtor  itiiDoi(utliifjloWlDnBm{Mliu^ltai«rU]. 
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Phosphorus  (<^ff,  light ;  ^pctv,  to  bear ;  symbol,  P;  oombiiiiiig 

proportion,  3]«) 

Monsieur  Salrerte,  in  his  work  on  the  Occult  Sdenoes  of  the 
Ancients,  quotes  a  remarkable  storr  respecting  the  probftble  diaoofciT 
of  the  nature  of  phosphorus  in  1761: — "A  Prince  San  Scwero,  st 
Naples,  cultiTated  chemistry  with  some  success ;  he  had,  for  ^'^mmpU, 
the  secret  of  penetrating  marble  with  colour,  so  that  each  slab  sawed 
from  the  block  presented  a  repetition  of  the  figure  imprmted  on  its 
external  surface.  In  1761,  he  exposed  some  human  skulls  to  the  aetka 
of  different  rea^nts,  and  then  to  the  heat  of  a  glass  fumaoe,  but  pajins 
so  little  attention  to  his  manner  of  proceeding,  that  he  ac^owief%e3 
he  did  not  expect  to  arrive  a  second  time  at  the  same  result.  Etom  the 
product  he  ootained  a  vapour,  or  rather  a  gas  was  evolved,  whidi 
kindling  at  the  approach  of  a  light,  burned  for  several  montb 
without  the  matter  appearing  to  me  or  diminish  in  weight.  Sta 
Severe  thought  he  had  found  the  impossible  secret  of  the  inextin- 
guishable lamp,  but  he  would  not  divulge  his  processi  for  fear  thit 
the  vault  in  which  were  interred  the  princes  of  his  family  shouki 
lose  the  unique  privilege  with  which  he  expected  to  oirich  it,  of  beiii^ 
illuminated  with  ik  perpetual  lamp"  Had  he  acted  like  a  philosophera 
the  present  day,  San  Severe  would  have  attached  his  name  to  the  im- 
portant  discovery  of  the  existence  oi  photphonu  in  the  bimct^  and  made 
public  the  process  by  which  it  might  be  obtained. 

This  element,  formerly  sold  at  four  or  five  shillings  the  ounce,  has  now 
fallen  so  much  in  price,  from  the  greater  demand  and  larger  prodnctioo, 
that  it  may  be  bought  for  a  few  shillings  the  pound,  anais  imported  is 
tin  cases  m  large  quantities  from  Germany.  It  was  discovered  a^mit 
two  hundred  years  ago  by  Brandt,  a  merchant  of  Hamburg,  and  may 
be  prepared  on  a  small  scale  by  distilKng  at  a  red  heat  phosphone 
acia  previously  fused  with  one-fourth  of  its  weight  of  powdered 
charcoal. 

Fini  Experiment. 

Phosphorus,  when  pure,  is  without  taste  or  colour,  but  genenJly  of  a 
very  pale  buff-colour,  and  semi-transparent ;  it  is  extremely  combos- 
tible,  and  is  usually  preserved  under  the  surface  of  water :  when  per- 
fectly drv,  a  thin  sUce  will  take  fire  at  60°  Fah.,  and  bums  with 
freat  brilliancy.  Ck)nsidering  the  heat  produced  duriqff  the  oom- 
ustion  of  phosphorus,  it  might  be  thought  that  it  would  infalliblj  set 
fire  to  any  ordinary  combustible,  sueh  as  paper  or  wood,  but  this  is  not 
the  case  when  phosphorus  is  employed  by  itself,  as  may  be  proved  by 
the  following  expenment. 

Gut  five  very  small  pieces  of  phosphorus,  and  place  them  like  the 
five  of  diamonds  on  a  sheet  of  cartridge-paper  laid  upon  the  taUe,  set 
the  bits  of  phoephorus  on  fir^  when  they  irill  be  npidlT  bunt  awav 
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leavio^  onlj  five  black  spots,  but  not  firing  the  paper,  as  would  be  the 
case  if  some  red-hot  coals  or  charcoal  were  placed  in  the  same  position. 
The  cause  is  very  simple.  Phosphorus  in  burning  produces  phosphoric 
acid,  which  is  an  anti-combustible,  and  coats  the  surface  of  the  poftr 
round  the  spot  where  the  combustion  occurs,  and  acting  as  a  kmd  of 
glaze  or  glass,  excludes  the  oxygen  of  the  air,  and  prevents  the  fire 
spreading. 

If  some  powdered  sulphur  is  sprinkled  round  the  spot  where  the  bit 
of  phosphorus  is  to  be  burnt,  the  case  is  very  different ;  the  heat  melts 
ana  sets  fire  to  the  sulphur,  which  being  unooated  with  the  phosphoric 
acid,  communicates  to  the  paper ;  and  it  is  on  this  principle  tnat  mcifer- 
matches  can  be  used  as  instantaneous  lights.  The  tip  of  the  wood  of 
which  they  are  composed  is  first  dipped  in  sulphur,  and  then  the  phos^ 
phorus  composition  made  of  gum,  chlorate  of  potash,  vermilion,  and 
phosphorus,  is  placed  over  it ;  and  if  the  latter  were  used  alone  without 
the  sulphur,  not  one  match  in  a  hundred  would  take  fire  properly. 

Second  Experiment. 

Common  phosphorus  is  perfectly  and  rapidly  dissolved  by  bisulphide 
of  carbon.  The  solution  must  be  carefully  nreserved,  as  it  is  a  liquid 
combustible,  which  takes  fire  spontaneous^  after  the  bisulphide  of 
carbon  evaporates ;  so  that  wherever  it  is  dropped,  a  fiame,  arismg  from 
the  spontaneous  combustion  of  the  finely-divided  phosphorus,  is  sure  to 
be  produced.  This  liquid  was  recommended  many  years  ago  to  the 
Government  for  the  purpose  of  setting  sails  of  ships  or  other  combus- 
tible matter  on  fire.  The  solution  of  phosphorus  alone  did  not  answer 
the  purpose,  as  ahready  explained  in  the  first  experiment ;  but  when  wax 
was  dissolved  with  the  phosphorus,  it  then  became  a  most  dangerous 
fluid,  which  it  was  recommended  should  be  used  in  shells,  and  oischar^d 
from  a  mortar  or  howitzer  in  the  ordinuy  manner.  Dr.  Lyon  Playfair 
was  the  first  to  make  this  proposed  application  of  the  solution,  and  it 
has  since,  we  believe,  been  recommended  by  Captain  Norton  in  his  liquid- 
fire  shells. 

Third  ExperimetU, 

One  of  the  most  curious  facts  in  connexion  with  phosphorus, 
is  its  assumption  of  the  aUotropic  state  in  what  is  termed  amorphoue 
(shapeless)  or  red  phosphorus.  This  substance,  when  handled  for  the 
first  time,  might  be  mistaken  for  a  lump  of  badly-made  Venetian  red. 
There  is  no  ri^  of  its  taking  fire  like  the  common  phosphorus,  and  it 
does  not  (according  to  Schrotter,  of  Berlin,  who  dbcoyered  this  peculiar 
condition)  exhale  those  fumes  which  are  so  prejudicial  to  the  ludfer- 
match  miners.  When  the  vapour  of  commonphosphorus  is  continuallv 
inhaled,  it  is  said  to  cause  a  peculiar  and  msc^tinc  disease,  whid 
terminates  in  the  destruction  of  the  jaw-bone ;  wnilst  the  bones  in  other 
parts  of  the  body  become  brittle,  and  arm-bones  thus  affected  are 
Fractured  with  the  slightest  blow. 

The  difference  between  common  and  red  phospboms  is  weU  shown — 

k2 
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first,  b j  placing  a  few  small  pieces  of  both  kinds  in  separate  bottles  or 
vials  containing  bisulohide  of  carbon;  the  common  phosphorus,  as 
already  explained,  (^uicldj  dissolves  in  the  liquid,  and  if  poured  on  a 
sheet  of  paper,  and  hun^  up,  is  soon  on  fire ;  whilst  the  red  variety  is 
whoUy  unaffected,  and  if  the  bisulphide  of  carbon  is  poured  off  on  to 
paper,  it  merely  evaporates,  and  no  combustion  occurs. 

The  similanty  in  composition,  though  not  in  outward  form,  is  further 
shown  hj  filling  two  jars  with  oxygen  eas,  and  havm^  provided  two 
deflagrating  spoons,  some  common  pnospnorus  is  placed  in  one,  and  red 
phosphorus  in  the  other;  a  wire,  gently  heatea  by  dipping  it  into 
some  boiling  water,  is  now  applied  to  the  former,  which  immediately 
takes  fire,  and  may  be  plnngea  into  the  jar  of  oxygen  gas,  when  it  bums 
with  the  usual  brilliancy.  Tne  red  phosphorus,  however,  must  be  brought 
to  a  much  higher  temperature  (500^  Fah.)  before  it  will  even  shine  in 
the  dark,  and  then  with  a  still  further  increase  of  heat  it  takes  fire,  and  on 
being  placed  in  the  other  jar  of  oxygen  burns  up  much  more  slowlv  than 
the  yellow  phosphorus,  but  at  last  exhibits  that  brilliant  flash  of  light 
which  is  so  characteristic  of  the  combustion  of  phosphorus  in  oxygen. 

The  amorphous  or  red  phosphorus  is  employed  in  the  manufacture  of 
fO/^/y  chemical  fMiehet,  and  M.  A.  Meunons  has  secured  a  patent  in 
^kgland  for  an  improvement  in  lucifer  matches,  with  a  view  to  obviate 
the  risks  of  accidental  ignition.  To  attain  this  end  the  matches  are  first 
cut  by  a  machine  from  cubes  of  wood,  the  cut  being  stopped  at  a 
short  distance  from  the  end  of  each  cube,  so  as  to  leave  the  lower  ex- 
tremities adherent.  The  upper  or  free  extremity  of  each  packet  of 
splints  thus  formed  being  coated  with  wax  or  sulpnur,  is  dipped  in  one 
of  the  following  preparations :— Chlorate  of  potash,  two  parts ;  pul- 
verized charcoal,  one  part ;  umber,  one  part ;  or,  chlorate  of  potash, 
sulphur,  ^uid  umber,  in  equal  parts,  thoroughly  mixed  with  glue.  The 
opposite  extremity  or  "cut"  of  each  packet  is  then  paintea  over  with 
amorphous  phosphorus  blended  with  size,  so  that  on  sepmting  the 
matcnes  the  phosphorus  is  only  found  on  the  top  of  each.  The  matches 
thus  prepared  are  ignited  by  breaking  off  a  small  piece  of  the  phos- 
phorised  end  and  rubbing  it  on  the  opposite  extremity  covered  witn  the 
inflammable  preparation. 

Loud  exploding  and  dangerous  lucifers  were  formerly  made  by  dipping 
bundles  of  matches,  previously  coated  with  sulphur  at  the  tips,  into  a 
thick  solution  of  fpasiy  at  a  temperature  of  104°  Fahr.,  coloured  with 
smalt  or  red  lead,  m  which  was  aissolved  a  certam  proportion  of  chlorate 
of  potash,  and  also  containing  finelv  divided  particles  of  phosphorus  ob- 
tained by  the  constant  stirrine  and  rubbine  of  the  materials  in  a  mortar. 
When  dry  the  matches  exploaed  if  rubbea  againat  a  gritty  surface,  and 
there  was  always  a  risk  of  a  fragment  flying  off  and  entering  the  eye. 
To  obviate  this  danger,  tUeni  or  noUeUst  lucifer  matches  were  invented, 
and  the  composition  used  (according  to  Bottger)  ia  as  follows  :-~Gum 
arable,  16  pajrts  by  weight;  phosphorus,  9  parts;  nitre,  14  parts ;  pow- 
dered bUck  oxide  of  man^nese,  16  parts.  The  above  ingredients  ars 
worked  up  in  a  mortar  wAh  water,  at  104°  Fahr.,  and  the  matches  prs> 
viously  tipped  with  sulphur  are  dipped  therein  and  afterwards  dried. 
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foarlk  Sxperimaif. 

Tbe  coubiutdon  of 
pliosphoms  uider 
water  is  eu&y  dc- 
moustnted  bj  plac- 
ing some  ordiiuu7 
ttick  phosphorus  la 
B  metallic  cap,  aod 
(hen  pluD^g  it  ra- 
wdly  under  the  sur- 
face of  boiling  water. 
If  a  jet  of  oijgen 
gas  is  Dov  directed 

Tif.Jta.ii.  Fli.(fm,__ _ 

,  -it*  mttalUo  cop  wllh  mrftad  phaptunu.     .. ,„_ 

phonifl,      It     burns    gu.  d  ».  stwt  of  win  g»nit. 

with  great  brilliADc;, 

Wben  the  oijgen  escapes  too  rapidlj  from  the  jet,  it  causes  lorae  small 

liartielea  to  be  throwa  out  of  the  water,  so  that  it  is  advisable  to  defend 

the  face  with  a  sheet  of  wire  gauze  held  a  few  inches  thon  the  glass 

whilst  Oic  eiperineDt  is  being  conducted.  (Fig.  1S8.) 

Fifih  Expermatl. 
Phosphorus  bums  and  emits  bea  tif  I 
flashes  of  light  in  the  presEuce  of  lb 
F>as  called  letroiide  of  ctilorme  {CI  OJ 
which  must  be  verr  carefully  gen      t  d 
under  the  surface  of  water  by  Erst  plac  ng 
some  cut  phosphorus  and  chlonte    f  pot 
ash  at  the  bottom  of  a  long  and    to  t 
cjlindrical   glass   ncarlj    full  of  wat 
sulphuric  acid  is  then  conTcyed  to  th 
chlorate  uf  potash  by  means  of  a  syph  n 
the  end  of  which  must  be  drawn  oil 
small  opening,  or  else  the  oil  of      tn  1 
will  descend   too  rapidly,  and  th    gl 
will  be  cracked  bj  the  heat.    Immcd   t  1 
the  peroxide  of  chlorine  comrs  in  co  t    t 
with    the    phosphorus   it   eiplod  d 

passes  again  to  its  original  elc  ts 
oivi'cn  and  chlorine.  These  bubhl 
velopc  minute  particles  of  phosph  rus 
which  rapidly  ascend,  like  water-sp  d  rs 
to  the  surface,  and  bum  as  Ihc;  pass  p 
wards,  producing  a  continual  series  f 
sparks  of  fire,  which  have  an  extremely 
pretty  effect.  (Fig.  159.)  ne  syphon  is  of 
course  first  filled  with  water,aQd  as  that  is 
displaced,  the  oil  of  nlriol  lakes  its  place. 


ti9  of  potuh  ud  phoi^ionu, 
oli^i  bocUe  Aad  •?phon»  oon- 
ig  lh«  dU  of  TlMoI  Id  bodon 
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Sislh  ExperimetU, 

If  a  littJe  phosphorus  is  placed  in  a  small  copper  boikr,  and  the 
steam  allowed  to  escape  from  a  jet,  it  is  observed  to  be  lamiiioi^a 
consequence  of  a  minute  portion  of  phosphorus  being  carried  up  media- 
nically  with  the  steam.  iSie  same  fact  is  shown  very  prettilj  bj  bcilii^ 
water  in  a  flask  containing  some  phosphorus. 


Seventh 


Phosphorus  explodes  violentlj  whea 
rubbed  with  a  little  chlorate  of  potash, 
and  in  order  to  perform  this  erpcn- 
ment  safely,  it  should  be  made  m  a 
strong  iron  mortar,  the  oeatie  of  whidi 
mustbe  surrounded  witn  a  large  dn^ 
of  cardboard  and  wire  gauze;  so  that 
when  it  is  brought  down  upon  the 
phosphorus  and  chlorate  of  potash, 
anv  particles  that  may  Ajo^^  s^^  ^ 
tamed  by  tiie  shield.  Without  this 
precaution  the  experiment  is  one  d 
the  most  dangerous  that  can  be  made. 
(Fig.  160.) 


Fig.  ISO.  A.  The  Iron  mortar  oon- 
^^iwfa^  the  phoephoroB  ud  chlorate  of 
potash,  a.  The  pestle,  with  the  shield, 
o  0,  compoaed  of  a  drcle  of  wire  ganse, 
oorered  with  one  of  cardboard.  SigM 

Phospknreftled  by- 
drogenowes  its  pto- 
perty  of  spontaiieoBs 
oomDustion  to  the 
presence  of  the  var 
pour  of  a  liquid, 
phosphide  of  hydro- 
gen (PjHJ,  which 
may  be  prepared  by 
placing  some  phos- 
phide of  calcium  into 
a  flask  with    water 

heated  to  a  tempoa- 

Fig.  161.  iuThoaaskoontatainfftlwphoiphideofcaldrai  ^         ^f   j^^qo   {y, 
and^ater,  and  placed  in  a  w»ter3wth  heated  to  14tf»  FaJ.         ,     iwvnveYiiwr    ^^ 

B.  Bent  tube  conveying  tiie  m  to  o  o,Jle  U-sJ^Pe^  ^J^  ^^  .  ?^'^^^?S.  JZl 

to  which  it  is  attached  by  india-rubber  tubing,    o  o.  The  U-  g^  mto  a  U-Sliapea 

shaped  tube,  Burrounded  with  a  freedng  mixture,    n  ».  Bent  o  *    aiiTroiinded  with 

tul^Tp-aingintoa  cup  ofwater  to  prevent  contact  with  air.  ^^^^^^^^^ 

salt.  The  liquid  obtained  is  colourless,  and  must  be  preserved  fr^ 
contact  with  air,  as  it  takes  fire  spontaneously  directly  it  u  expoeed 
to  the  atmosphere.    (Fig.  161 .) 


[  FHOEPHOXUS. 


Phosphide  of  CBlcinm  is  qnicklT  prepared  by  placmg  Bome  htatil 
pieces  of  lime  in  a  crucible  and  muing  them  red-hot ;  if  lumps  of  drj 
phoaphoriu  uc  throTn   into  the  orneible,  uid  the  cover  placed  on 

Siicm,  and  immedlatelj  after  the  phaaphomi,  the  latter  onitea  with 
e  oalciam,  and  forma  a  brawn  aubatance  wliiob  prodncea  gaaeoua 
C'  ephide  of  hydrogea  (FH^  vhen  placed  in  water,  and  the  gaa  takes 
Bpontaneooalj  when  it  cornea  in  contact  with  the  air. 

Tealk  Experiment. 

Phoaphoros  placed  in  a  retort  with  a  tolerably  strong  aolution  of 
potash,  and  a  small  qnantitj  of  eth^r,  affords  a  lu'ge  quantity  of  phos- 

Ehide  of  hydrogen  {conanonlj  called  phosphuretted  hydrogen)  when 
oiled.  The  neck  of  the  retort  must  dip  into  a  basin  of  water,  and  the 
object  of  the  ether  is  to  prevent  the  combustion  of  the  first  bubbles  of 
gas  iiaide  the  retort,  which  by  their  explosion  would  probably  break  the 
glass.  If  the  neck  of  the  retort  is  kept  under  water  in  whicn  potash  is 
dissolved,  the  gas  may  be  generated  for  many  days  at  pleasure,  attboush 
it  is  not  a  desirable  eiperiment  to  renew  too  often,  on  account  of  tAS 
disagreeable  odonr  prodnced.  (Fig,  168,) 


EletaUh  Ezperimeaf. 

When  ajar  of  oivgen  is  held  over  the  neck  of  the  retort  generating  the 

phosphurett«d  hydrogen,  a  bright  flash  of  light  and  eip^ion  are  oh- 

•erred ;  and  if  the  experiment  is  performed  in  a  darkened  room,  it  is  just 

like  a  audden  flash  of  lightning.  A  bottle  of  chlorine  held  over  the  neck 
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of  Ae  retort,  and  dipping  of  oonne  in  Uie  water  of  the  basm,  pfodin 
ft  green  flune  every  time  tlie  bubble  of  gu  passes  into  it.  Ilu  cQiimi 
■fipeinuice  of  light,  sometimes  seen  Ja  musEj  districts,  called  wiU-o'-tLc- 
wisp,  is  supposed  to  be  due  to  the  escape,  from  decomposing  matUr,  <i 
babbles  of  hjdn^n,  nitrogen,  &c.,  through  which  the  spontaneoml] 
inflammable  phosphide  of  hjdnwen  is  difosed. 

U  a  place  called  Dead  Mau  s  Island,  near  Shaemess,  mBgnifiaal 
effects  of  this  kind  ue  sometinies  apparent  when  the  mad  banks  ir 
accidentollj  stirred  at  night  bj  a  boat-book.  A  credible  obserrn  sa^ 
heoDcc  saw  there  a  flash  or  jellowieh-green  light,  accontpMiied  wOi 
noise,  about  thirtjfeet  in  height.  The  apparent  height  mignt  bedaelo 
Ibe  duration  of  the  impression  of  the  flash  on  the  eje,  as  the  light  from 
the  burning  phosphnretted  hjdtogen  ascended  rapidly  upwards.  IIk 
source  ofthia  gas  appears  to  be  due  to  the  fact,  that  oiinngtbe  time  some 
llussian  ships  were  watched  bj  the  Brest  fleet,  a  number  of  the  sailors 
died  of  cholera,  and  were  buried  in  the  banks ;  the  decompcaition  of  the 
bone  contaiuing  phosphorus  would  account  for  the  appearaaoe  of  iigfal 
already  described. 

With  the  discussion  of  some  of  the  most  iuterestios  properties  of  the 
thirteen  non-metallic  elements  we  take  leave  of  the  subject  of  chemistir, 
reserving  the  consideration  of  the  metals  for  another  popular  Jurenile 
work,  of  which  Ihcj  will  form  the  subject. 

Ib  answer  to  the  oft-repeated  question,  "  Where  can  I  get  the  fjb»f> 
for  the  eiperimenls  ?"  it  may  be  stated  that  every  kind  of  ^ass  vessel 
and  the  chemicals  mentioned  m  tliis  chapter,  can  M  procunid  either  of 
Messrs.  Simpson,  Maulc,  and  Co.,  Kenuington,  or  of  Griffin  and  Co., 
Buuhill-rov,  or  Bolton  and  Co.,  High  Holbom. 


Fig.  let.    FruUia  tad  bli 
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Or  >U  the  agents  nith  which  man  is  acquainteii,  not  one  ciu  oflbrd  a 
neater  source  of  wonderment  to  tbe  ignorant,  of  meditation  to  tbe 
learned,  than  the  effci^ta  of  that  marvellous  force  pervading  all  matter 
called  eiectricitj;.  We  look  at  matter  endowed  with  life,  and  matter 
wanting  this  divine  gift,  with  some  degree  of  interest,  dependinc;  on  our 
various  tastes  and  occupalions  ;  we  l:now  at  a  glance  a  bird,  a  beast,  or 
a  Dsh ;  we  observe  with  pleasure  and  admiration  tiic  wonderful  changes 
oF  nature,  and  know  that  a  few  seeds  thrown  into  the  broken  clods  and 
well-tilled  earth  maj  become  either  the  waving,  golden  com-fleld  or  in 
time  may  erow  from  (he  tender  little  shrub  to  the  atatelv  forest-tree; 
we  kao«  all  these  (hines  because  the;  belong  to  the  visible  world,  utd 
»re  continuallj  passing  oefore  our  ejes ;  hut  id  looking  at  the  visible, 
we  man  oot  forget  and  ignore  the  mvisible.    It  maj  with  trath  be 


18G  boy's  playbook  of  scixircE. 

stated  that  the  neatest  powers  of  nature  are  all  concealed,  and  if  anj 
truth  would  lead  us  from  Nature  to  Nature's  God,  it  is  the  fact  that 
no  visible,  solid,  tangible  agent  can  work  with  so  much  force  and 
power  as  invisible  electricity.    Many  centuries  passed  away  since  the 
commencement  of  the  Ghnstian  era,  before  the  human  mind  was  pre- 
pared to  appreciate  this  great  power  of  nature ;  other  forces  had  daimed 
attention,  and  the  difference  m  the  presence  or  absence  of  two  of  the 
imponderable  agents,  heat  and  light,  as  derived  from  the  sun,  in  the 
effects  of  the  change  of  the  seasons,  and  other  common  facts,  had  led 
philosophers  to  speculate  early  upon  their  nature ;  but  electricity,  from 
its  peculiar  properties,  long  escaped  observation,  and  it  was  not  until 
the  b^inning  of  the  eight^nth  century  (about  1730)  that  any  maioiai 
facts  had  been  discovered  in  this  science,  when  Mr.  Stephen  Gkty,  a 
pensioner  of  the  Charterhouse,  discovered  what  he  termed  eledria 
and  mm-elecirics,  and  also  the  use  of  insulating  materials,  such  as  silk, 
resin,  ghtss,  hair,  &c. ;  and  it  is  obvious  that,  until  the  latter  fact  was 
discovered,  the  scienoe  would  remain  in  abeyance,  because  there  would 
be  no  mode  of  preserving  the  electrical  excitement  in  the  absence  of 
non-conductors  ot  this  force. 

The  year  1750  was  remarkable  for  Yolta's  discoveries  and  Dr.  Frank- 
lin's  identification  of  the  electricity  of  the  machine  with  the  stupemkms 
effects  of  the  thunderstorm.  Sir  Humphry  Davy,  ia  1800,  with  hts 
commanding  genius,  threw  fresh  li^ht  upon  the  already  nmnerous 
dectrical  effects  discovered.  In  1821,  Faraday  commenced  his  studies 
m  this  branch  of  philosophy ;  which  he  has  since  so  diligently  foUowed 
up,  that  he  has  been  for  some  years,  and  is  still  the  first  electrician  of 
the  age.  From  the  commencement  of  the  present  centuiy,  disooverks 
liave  succeeded  each  other  in  regular  order  and  with  the  most  amaring 
results ;  and  now  electricity  is  regularly  employed  as  a  money-^tting 
aeent  in  the  process  of  the  electrotype  and  electro-silvering  and  ^;ildi]^; 
mo  in  the  electric  telegraph ;  and  in  a  few  years  we  may  possibly  see 
it  commonly  employed  as  a  source  of  artificial  light. 

The  nature  of  electricity,  says  Turner,  like  that  of  heat,  is  at  present 
involved  in  obscurity.  Both  these  principles,  if  really  materia],  are  so 
light,  subtle,  and  diffuse,  that  it  has  hitherto  been  found  impossible  to 
recognise  in  them  the  ordinary  characteristics  of  matter :  and  therefore 
electric  phenomena  may  be  referred,  not  to  the  agency  oi  a  specific  sub- 
stance, but  to  some  property  or  state  of  common  matter,  r  Just  as  sound 
and  light  are  produced  by  a  vibrating  medium.  But  the  effects  of 
electricity  are  so  similar  to  those  of  a  mechanical  agent,  it  appears  so 
distinctly  to  emanate  from  substances  which  contain  it  in  excess,  and 
rends  asunder  all  obstacles  in  its  course  so  exactly  like  a  body  in  rapid 
motion,  Uiat  the  impression  of  its  existence  as  a  oistinct  material  sub- 
stance tui  generU  lorces  itself  irresistiblv  on  the  mind.  All  natJores 
accordingly,  have  spontaneously  concurrea  in  regarding  electricity  as  a 
mat^ial  principle ;  and  scientific  men  ^ive  a  preference  to  the  same 
view,  because  it  offers  an  easy  explanation  of  phenomena,  and  suggests 
a  natural  language  inteUigible  to  all 
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There  are  five  well-asoerUined  sources  of  electrieitj,  and  three  which 
are  considered  to  be  uncertain.  The  five  sources  are  friction,  chemical 
action,  heat,  magnetism,  peculiar  animal  organisms.  The  three  uncertain 
sources  are  contact,  evaporation,  and  the  solar  rajs. 

First  Experiment. 

A  stick  of  sealing-wax  or  a  bit  of  glass  tube,  perfectly  dry,  rubbed 
against  a  warm  piece  of  flannel,  has 
eucited  upon  its  surface  a  new  power, 
which  will  attract  bits  of  pimer,  straw,  or 
other  light  materials;  and  alter  these  sub- 
stances are  endowed  with  the  same  force, 
a  repellent  action  takes  place,  and  they 
fly  off.  One  of  the  most  convenient  ar- 
rangements for  making  experiments  with 
the  attractive  and  repeUent  powers  of 
electricity  is  to  flx  with  shell-lac  varnish 
round  discs  of  gilt  paper,  of  the  size  of 
a  half-crown,  at  eacn  end  of  a  long  straw 
that  is  supported  about  the  centre  with 
a  silk  thread,  which  may  hang  from  the 
ceiling  or  any  other  convenient  support. 

Tne  varnish  is  easily  prepared  bv 
placing  four  or  eight  ounces  of  shell- 
lac  in  a  bottle,  and  pouring  enough 
pyroxylic  spirit  (commonly  temed  wood 
naphtha)  upon  the  lac  to  cover  it.  After 
a  short  time,  and  by  agitation,  solu- 
tion takes  place.  In  a  variety  of  ways 
friction  is  proved  to  be  a  source  of 
electricity,  and  forms  a  distinct  branch 
of  the  science,  under  the  name  of  Jnc- 
tional  electricity. 

Second  Experiment, 

The  natoe  of  chemical  action  has  been  abready  explained,  and  is 
alluded  to '  nere  as  a  source  of  electricity  of  which  the  proof  is  very 
simple.  A  piece  of  copper  and  a  similar-sized  plate  of  zinc  have  attached 
to  tnem  copper  wiies ;  these  plates  are  placed  opposite  to,  but  do  not 
touch  each  other,  in  a  vessel  containing  water  acidulated  with  a  small 
quantity  of  sulphuric  acid.  When  the  wires  are  brought  in  contact,  a 
current  of  electricity  circulates  through  the  arrangement,  but  has  no 
power  to  attnuft  bits  of  paper,  straw,  &c.  In  order  to  ascertain  whether 
the  current  of  electricity  passes  or  not,  a  piece  of  covered  copper  wire 
is  bent  several  times  round  a  magnetic  needle,  so  that  it  has  freedom  of 
motion  inside  the  core  or  hollow  formed  by  twisting  the  copper  wire. 
This  arrangement,  properly  constructed,  b  called  the  galvanometer 


Fig.  IBS.  A.  Tba  fflflM  pOlar  mip- 
poit.  B.  Straw  with  difct,  nanging  vj 
aiUkthnad. 
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Dwdle,  ud  is  iuraliuble  u  a  means  oT  •scertainiog  the  fusi^  tt 
electricity  derived  from  chemical  action.    (Fig.  166.) 


When  the  wires  leading  from  tlie  metal  plates  are  connected  with  Iht 
eitremilies  o(  the  coil  in  the  galTaoometer,  the  needle  ia  deflectaioi 
pushed  aside  to  the  right  hand  or  to  the  left,  according  to  the  dinctjon 
of  the  current. 

Tiird  Experim«iU. 

The  third  source  of  ekctricitj  ia  heat,  and  the  effect  of  this  Igent  i< 
well  shown  by  twisting  together  a  piece  of  platinum  and  silver  wire,  so 
as  to  form  one  length.  If  the  silver  end  is  attached  lo  any  screwoftbt 
galvanometer,  aniTlbe  platinum  end  to  the  second  screw,  no  moTemenl 
of  the  magnetic  needle  takes  pUce  uutil  the  heat  of  a  spirit-lamp  >> 
wplied  for  a  moment  to  the  point  of  i'uicture  between  the  silTer  ind 
platbum  wires,  when  the  mimetic  needle  is  immediately  deflected. 


Fta.  U7.  i.  The  (ilimnQineler  nredlf,  wUh  wint  nlMclidl.  ■,  B.  SUth-  win  jolo^ 
to  fT  r.  th*  platinnm  win.  Tha  hul  of  Uie  iplrit-lomp  [i  mppUdl  U  Uu  pciil  '^ 
junctore,  ■•■. 

FoKrtk  Experixatt. 

The  fourth  source  of  clectricilj — viz.,  magnetism — nqnires  a  son* 
wjiat  more  complicated  amuigement ;  and  a  most  delicate  galTanomettr 
needie  must  be  provided,  to  which  is  attached  the  eitremities  of  a  long 
ipiral  coil  of  copper  wire  covered  with  cotton  or  silk.     Everj  ti""  " 
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Mid  the  ume  effect  a  prodoced  on  the  withdrawal  of  the  magnet,  tJw 

needle  being  deflected  in  the  oppOBite  direction. 

The  magnetic  spark  can  be  obtained  by  employing  a  magnet  of  sufli- 
oteut  power;  and  the  arrangement  for  tnb  purpose  is  verj  simple,  A 
cjlinder  of  soft  iron  is  provided,  and  ronnd  its  centre  are  wound  a  few 
feet  of  covered  tbtn  copper  wire,  one  end  of  which  is  ternuiiated  witli  a 
copper  dise  well  amalgamated,  and  the  other  end,  after  being  properl]' 
cleaned  and  coated  with  mercuij,  is  brought  into  contact  with  the  disc. 
Directij  thia  cjUnder  is  laid  across  the  poles  of  the  magnet,  and  as 
quieklj  removed,  the  point  and  disc,  from  the  elaatitntj  of  the  former, 
separate  lot  the  moment,  the  coutsct  b  broken  between  the  point  and 
disc,  and  a  brilliaot  but  tin;  spark  is  apparent. 


Fi^A  Experimeiil. 
The  fifth  mode  of  procuring  eleotricity  would  require  the  Assiilancc 
of  an  electrical  eel,  a  nne  specimen  of  which  (fortj  inches  in  length)  was 
exhibited  at  the  Adelaide  Galler;  some  jeara  ago.  Various  experiments 
were  mode  with  this  animal,  tuid  the  author  had  the  pleasure  of  wit- 
nessing bU  the  ordinar;  phenomena  of  frictional  electricity,  illoatrated 
b;  Dr.  Faraday,  with  the  oasistance  of  the  animal  clectncitj  derived 
from  this  curious  creature.  Becent  experiments  have,  however,  proved 
that  the  electric  carrent  is  induced  through  the  ogencj  of  the  nerrotu 


^ 
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STstem.  This  important  fact  has  been  oommimicated  bj  M.  DnboB- 
Kaymond,  whose  experiment  is  thus  recorded:— A  cylinder  of  wood  ii 
firmly  fixed  against  the  edffe  of  a  table ;  two  yessels  filled  with  salt  sad 
water  are  placed  on  the  taible,  in  such  a  position  that  a  person  giaspiiig 
tiie  cylinder  may,  at  the  same  time,  insert  the  fore-finger  of  each  haiu 
in  the  water.  Each  vessel  contains  a  metallic  plate,  and  conunmiieatea^ 
by  two  wires,  with  an  extremely  sensitive  salvanometer.  In  the  insAm- 
ment  employed  by  M.  Dubois-flaymond,  the  wire  is  about  3^  mfles  in 
length.  The  apparatns  being  thus  arranged,  the  experimcaiter  ^nsps 
the  cylinder  of  wood  firmly  with  both  hands,  at  the  same  time  dipping 
the  fore>finger  of  each  hand  in  the  saline  water.  The  needle  of  the 
galvanometer  remains  undisturbed ;  the  electric  currents  passine  bj  the 
nerves  of  each  arm,  and  being  of  the  same  force,  neutralize  earn  other. 
Now,  if  the  experimenter  msp  with  energy  the  cylinder  of  wood  with 
the  right  hand,  tne  left  hana  remaining  rebixed  and  free,  imioediately  the 
needle  will  move  from  west  to  south,  and  describe  an  angle  of  3QP»  40^, 
and  even  50°;  on  relaxing  the  grasp,  the  needle  will  return  to  its  original 
position.  The  experiment  may  be  reversed  by  employing  the  left  ann, 
and  leaving  the  right  arm  free :  the  needle  will,  in  tnis  case,  be  deflected 
from  west  to  north.  The  reversing  of  the  action  of  the  needle  nroTes  the 
influence  of  the  nervous  force.  The  conditions,  it  may  oe  added, 
essential  to  the  success  of  the  experiment  are :  1st,  Great  mnscolar  and 
nervous  energy ;  2nd,  The  contraction  of  odv  one  arm  at  a  time ;  3nL 
Dryness  and  cleanliness  of  skin ;  and  4th,  freedom  from  any  kmd  c£ 
wound  on  the  immersed  part. 

Sixth  ExperimefU* 

In  making  electrical  experiments  of  the  simplest  kind,  it  soon  becomes 
apparent  that  certain  substances,  such  as  glass,  sealing -wax»  ftc,  retain 
the  condition  of  electrical  excitement ;  whi^t  other  homes,  and  especiaUy 
the  metals,  seem  wholly  incapable  of  electrical  excitation :  henoe  the 
classification  of  bodies  into  conductors  and  non-conductors  of  electridty. 
This  arrangement  is  not  strictly  correct,  because  no  substance  can  be 
regarded  as  absolutely  a  conductor,  or  vice  vend.  It  is  better  to  oon- 
sider  these  terms  as  meaning  the  two  extremes  of  a  long  chain  of  inter- 
mediate links,  which  pass  by  insensible  gradations  the  one  into  the  other, 
[n  the  manufacture  of  electrical  apparatus,  glass  is  of  course  largehr 
employed,  and  this  substance,  with  orass  and  wood,  constitute  Uie  nsaal 
materials.  One  of  the  most  instructive  pieces  of  apparatus  is  the  dec- 
troscope,  which  can  be  made  with  a  ga!s  jar,  a  cork,  a  piece  of  g^ass 
tube,  brass  wire  and  baU,  or  a  flat  disc  of  brass,  with  some  Dutch  ^metaJ, 
or  still  better,  gold  leaf.  The  latter  is  flrst  cut  into  strips  by  retaining 
the  leaf  between  a  sheet  of  well-ffhized  paper  and  cutting  ^uroQ^h  the 
paper  and  the  copper  or  gold  lea^  otherwise  it  would  be  impossihle  to 
cut  the  metal,  on  account  of  its  excessive  thinness,  except  witn  a  gilder's 
knife  and  cushion.  The  cork  is  next  fitted  to  the  gas  jar,  and  penonted 
with  a  hole  to  admit  the  glass  tube,  which  must  be  tboroqghiy  drj. 
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18  best  ooated  both  inside  and  out  with  the  shell-lac  vanish  described 
at  page  175.  Some  dry  silk  is  wound  round  the 
brass  wire,  so  that  it  remains  fixed  and  upright  in 
the  glass  tube,  the  end  outside  the  jar  oaving  a 
ball,  or  still  better,  a  flat  disc  of  brass  attached, 
and  the  other  extremity  being  split  so  as  to  act 
like  a  pair  of  forceps,  to  retain  a  piece  of  card  to 
which  the  gold  leaves  are  attachea.  By  removing 
the  cork,  tube,  and  brass  wire  bodily  from  the  neck* 
of  the  gas  jar,  and  then  in  a  perfectly  still  atmo- 
sphere carefully  bringing  the  card,  shghtly  wetted 
with  gum  at  the  extremity,  on  two  of  the  cut 
g;old  leaves,  they  may  be  stuck  on,  and  the  whole 
IS  again  arranged  inside  the  dry  gas  jar,  and  forms 
the  important  instrument  called  the  electroscope. 
(Fig.  169.)  With  the  help  of  this  arrangement, 
a  number  of  highly  instructive  experiments  are 
performed. 

Seventh  Experiment. 

First,  the  difference  between  conductors  and 
non-conductors  is  admirably  shown  by  rubbing  a 
bit  of  sealing-wax  against  a  piece  of  woollen  cloth  Fig.i69.  a.  ThebnM 
or  flannel ;  on  bringing  the  wax  to  the  brass  disc  of  wire,  with  flat  ^  out- 
the  electroscope  the  gold  leaves  no  longer  hane  "J3S"ei  I^i% 
quietly  side  by  side,  but  stand  out  and  repel  each  Ar*  c  a  Tho  gian 
other,  in  obedience  to  the  law  "  that  bodies  timi-  *^^- 
tariff  electrified  repel  each  other."  If  the  brass  cap  is  touched  whilst  the 
leaves  are  in  this  electrical  state,  thev  fall  again  to  their  original  posi- 
tion, showing  that  sealing-wax,  after  being  excited,  retains  its  electrical 
condition,  as  also  the  gold  leaves,  because  they  are  supported  on  glass, 
or  what  is  termed  insulated — i.e.,  cut  off  from  conducting  communica- 
tion with  surrounding  objects.  When,  however,  the  sealing-wax  is 
passed  through  a  damp  hand,  or  the  brass  dUso  of  the  electroscope 
touched,  the  electricity  is  conveyed  away  to  the  earth,  because  the  human 
body  is  a  conductor  of  electricity. 

Eighth  Experiment. 

When  a  brass  wire  is  rubbed  and  brought  to  the  electroscope,  the 
leaves  do  not  move,  in  consequence  of  the  electricity  passing  away  to  the 
earth  through  the  body  as  fast  as  it  is  generated :  it  is  just  Uke  pouring 
water  into  a  leaky  cistern ;  but  if  the  brass  wire  is  tied  to  a  long  stiS 
of  sealin{^-wax,  and  this  latter  held  in  the  hand  whilst  the  wire  is  rubbed 
with  a  bit  of  flannel,  then  the^old  leaves  of  the  electroscope  are  affected, 
on  aeeount  of  the  insulation  of  the  metal,  as  every  substance  which  cao 
be  robbed  (even  fluids,  as 'water)  produces  electndty. 
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An  iusulatiog  atool  is  merel  j  a  piece  of  strong  sqaare  board,  npfMtted 
on  fftaa  legs,  wbich  should  be  \rell  Tamished.  IT  Uie  agaittMit  (taub 
on  this  stoo)  and  touches  the  disc  of  the  electroscope,  no  moreDaU  ol 
the  leaTcs  takes  place  until  bis  coat  is  briskly  stnick  vith  a  piece  I'dn 
■ilk  or  siui,  when  the  usnal  repulsion  occnis. 


Tenii  EzperimaU. 
If  a  little  powdered  chalk  is  placed  inside  a  pair  of  bellows,  and  tbo 
forciblj  ejected  on  to  the  disc  of  the  electroscope,  the  friction  of  lb( 
particles  of  chalk  against  the  inaide  of  the  noule  of  the  bellon  ii>l 
against  the  disc  of  the  instrument  sooo  libctBt«s  sufficient  clectricilj  i° 
cause  tke  gold  leaves  to  stand  out  and  repel  each  other. 

Eletenlh  Experiment. 

Whibt  the  leaves  of  the  electroscope  ate  repellnl  from  each  other  l)< 
the  application  of  a  bit  of  rubbed  sealing-wax,  thej  nuj  be  again  owl 
to  approach  each  other  on  bringing  a  dry  glass  tube  preTiouslj  riiljM 
with  a  silk-handkerchief ;  because  the  electricity  obtained  from  seaiii^ 
was  is  different  from  that  procured  from  ^iasa :  the  former  ii  olM 
retiKnu  or  negative-  electricity,  the  latter  pontine  or  tiilmnu  eledricil,'- 
Eitber,  sejiaralely,  b  repultive  of  its  own  particiea,  bat  atlnetiM  of  t^ 
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oilier.  No  electrical  excitation  can  occur  without  the  separation  of 
these  two  curious  states  of  electricity,  and  electrical  quiescence  takes 
phice  when  the  two  electricities  are  broneht  together ;  hence  the  fall  of 
the  gold  leaTCs  repelled  by  rubbed  wax  when  the  excited  glass  is  brought 
towards  the  disc  of  the  electroscope.  This  experiment  may  be  reversed 
by  repelling  the  leaves  first  with  the  excited  glass,  and  then  bringing  the 
rubbed  wax,  when  the  same  effect  takes  pkoc. 

Twelfth  Experiment. 

To  show  the  important  elementary  truth,  that  in  all  cases  of  electrical 
excitation  the  two  kinds  of  electricity  are  generated,  take  a  dry  roll  of 
flannel,  and  holding  it  as  lightly  as  possible,  rub  it  against  a  bit  of  wax. 
If  the  flannel  is  brought  to  the  electroscope,  the  leaves  repel  each  other, 
and  the]r  immediately  fall  when  the  wax  is  now  approached,  because  the 
flannel  is  in  the  positive  or  vitreous  state  of  electricity,  whilst  the 
sealing-wax  is  in  the  negative  or  resinous  condition. 

Thirteenth  Experiment, 

Any  kind  of  friction  generates  electricity.  A  little  roll  brimstone 
placea  in  a  dry  mortar  ana  powdered,  and  then  thrown  on  to  the  electro- 
scope, quickly  causes  the  repulsion  of  the  leaves. 

Fourteenth  Experiment, 

A  sheet  of  dry  brown  paper  laid  on  a  flat  surface,  and  vigorously 
rubbed  with  a  piece  of  india-rubber,  produces  so  much  electricity 
that  sparks  and  flashes  of  light  are  apparent  in  a  dark  room  when  it 
is  lifted  from  the  table ;  and  it  affects  the  leaves  of  the  electroscope 
ver^  powerfully,  so  much  so  that  care  must  be  taken  to  apply  it  very 
carefully  to  the  disc,  or  the  violence  of  the  repulsion  may  cause  the 
fracture  of  the  gold  leaves,  aiid  then  a  great  aeal  of  time  is  wasted 
before  they  can  be  put  on  again. 

Fifteenth  Experiment, 

A  dry  wig  or  bunch  of  horse-hair  when  combed  becomes  eleoirioal, 
and  likewise  affects  the  leaves  of  the  electroscope. 

Sixteenth  Experiment, 

Two  dry  silk  ribbons,  the  one  white  and  the  other  black,  passed 
rapidly  together  through  the  fingers,  exhibit  sparks  and  &uue8  of 
light  when  drawn  asunder,  and  also  cause  the  gola  leaves  to  repel  each 
otner. 

Seventeenth  Experiment, 

Much  instructive  amusement  is  afforded  by  testing  the  gold  leaves 
when  separated  from  each  other  during  either  of  the  former  experiments 

0 


194  boy's  platbook  of  science. 

with  an  excited  piece  of  sealing-wax.  If  the  electridty  pfodacedis 
negative,  they  repel  each  other  farther  when  the  excited  wu  is  ap- 
proached ;  if  positive,  they  fall  when  the  excite  wax  is  brouglit  set 
them. 

EijhteetUh  Experiment. 

When  fresh,  diy,  ground  coffee  is  received  on  to  the  disc  of  the  elec- 
troscope, as  it  falls  from  the  mill,  powerfol  electrical  exdtatioii » 
displayed,  and  this  is  sometimes  so  apparent,  that  the  partides  ding 
around  the  lower  part  of  the  mill  or  to  the  sides  of  the  cup  or  basb 
held  to  catch  it. 

Nineteenih  Experiment. 

After  playing  a  tune  on  a  violin,  hold  the  bow  (well  rosined)  to  tke 
electroscope,  when  the  usual  divergence  of  the  leaves  will  be  i^pareot. 

Twentieth  Experiment. 

Gut  some  chips  from  a  piece  of  wood  with  a  knife  attached  to  a  giiss 
handle,  and  as  tney  fall  on  to  the  dectroscope  the  leaves  are  repelld. 

Twenty-fint  Experiment. 

Warm  a  piece  of  bombazine  by  the  fire  and  then  draw  out  some  of  tbe 
threads  Twhich  are  of  two  kinds— viz.,  silk  and  wool]),  and  place  thes 
on  the  electroscope,  when  divergence  of  the  leaves  immediatdy  tako 
place. 

Tteenty-tecond  Experiment, 

Put  upon  the  same  leg  a  worsted  stocking  and  over  that  a  silk  ooe. 
if  the  latter  is  now  quickly  rubbed  all  over  with  a  dry  hand  and  near 
the  fire,  and  then  suddenly  slipped  off,  the  sides  repel  each  other,  td 
the  silk  stocking  retains  very  much  the  same  shape  as  if  the  leg  still 
remained  in  it,  and  of  course  collapses  as  the  electricity  passes  avay. 

Tfcenty4hird  Experiment. 

Electrical  machines  consbt  only  in  the  better  arrangement  of  lar^ 
pieces  of  glass  and  a  more  convement  mechanical  contrivance  for  rubbii^ 
them,  and  are  of  two  kinds — ^viz.,  the  cvlinder  and  plate  maddnes ;  it  ^ 
usual  to  give  directions  for  the  manufacture  of  an  electrical  machos 
from  a  common  bottle,  and  doubtless  such  rude  instruments  have  beai 
made,  but  as  Messrs.  Elliott  Brothers,  of  30,  Strand,  now  supply  excel- 
lent small  machines  at  a  very[  low  cost,  it  is  hardly  worth  whue  to  iocaf 
even  a  small  expense  for  an  instrument  that  must  at  the  best  be  a  rei? 
impeifect  one  and  frequently  out  of  order.    (Fig.  171.) 
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Fig.  171.    A  cjiUnder  elr 

Plate  machinca  are  someirhat  more  expemive  than  cjUoder  ones,  btit 
■t  the  Mme  time  are  more  quicklj  prepared  for  experimenu,  and  Mr. 
Heartier,  of  Pljmoath,  states,  tbat  the  itcret  in  Dbtaining  the  greatest 
■fflonnt  of  electricitj  from  a  cylinder  machine,  is  to  keep  the  inside  of 
the  glass  absolutelj  clean,  drr,  and  free  from  dost.  Sometimes  the 
^lat  of  which  electrical  macomes  are  made  is  \>1iollj  nnfit  for  eleo- 
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trical  purposes,  in  consequence  of  the  decomposition,  of  the  niHiM 
Trom  imperfeet  manuTutoM  ftod  the  libention  of  the  alkali.  (Figi 
178, 173.i 


Twe*tg-JtMrth  Sxperimtnt. 
Cjlinder  «id  piste  machines  are  furnished  witb  proper  nibben,  and 
before  oaing  the  instniment  it  is  nsQ^  to  remove  tnem,  and  after  cue- 
folly  cleaning  the  gloss  with  a  dry  ailk  handkerchief  befwe  a  fiic, 
the  mbbers  are  scraped  with  a  paper-knife  to  remore  tbe  old  «.m»lwni, 
■nil  fresh  api^ied  by  first  melting  the  end  of  a  tallow  candle  aligiitly, 
and  afUr  passing  this  over  the  rubber,  the  finely  poirdered  aoialgam  d 
now  dnstra  on  to  it.  Electrical  amalgam  is  prepi^ed  by  fusing  one  part 
of  tine  with  one  of  tin,  and  then  agitating  the  liqnid  mass  with  two 

ra  of  hot  mercury  placed  in  a  wooden  box ;  when  cold  it  should 
carefully  powdered  and  kept  in  ■  well-stoppered  bottle  for  use. 
When  the  amalgam  has  been  applied,  the  nibben  are  again  screred 
in  their  places,  and  the  machine  when  turned  (if  the  atmosphere  is 
tolerably  dry)  will  emit  an  abundance  of  bright  sparks. 

Twntg-fiflh  Experimail. 

Attraction  and  repulsion  are  shown  on  a  larger  BCaI^  with  the  as- 

ustanoe  of  electrioaf  machines,  by  placing  a  fishing  rod  (the  last  joint  of 
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which  is  Dude  of  glus)  ii 
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n  erect  position,  and  atUching  to  the  ei- 
tremitj  a  long  tanel  oi  paper  from 
which  ft  thin  wire  passes  to  Ine  prime 

conductor  of  the  electrical  machine ; 
on  turning  the  instmment,  the 
strips  of  paper  all  stand  out  and 
repel  each  other.     (Fig,  174,) 

Tmenlj-tizlk  Expeiitu»t. 

Sospend  from  the  prime  cooductor 
bj  a  chain  a  circular  brass  plate 


Tlueltctrie*]  mtohlne. 


and  under   this  place  anather  sopported  bj 
If  pith  Ggnres  of  men  and  women  are  placed  □ 


a  brass  adjusting  stsnd. 
the  lowerplate,  thej  rij 


n  the  adjustment  of  the  centre  of  gravity,  they  perversely 
dance  on  their  heads  instead  of  the  usual  position ;  out  of  half  a  dozen 
figures,  one  only  perhaps  will  be  found  to  dance  well,  by  alteraatelj 
jumping  to  the  upper  plate  and  falling  to  the  lower  one  to  oischarge  the 
excess  of  electricity  ^  and  indeed  uie  ciperiment  will  be  found  to 
succeed  better  with  one  or  two  only  ou  the  plate  instead  of  a  number, 
s  they  cling  together  and  impede  each  other's  movements.  (Fig.  17G.) 
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TKoUj-teBoUh  ExperiwiaU. 
As  aKutant  provided  vith  a  wig  of  weU-combed  hair  | 
most  ridJculoos  sppcoroncc  when  stuiding  on  the  inaiilaUng  stool  h 
connected  b;  a  wire  with  the  prime  coudactor  of  the  eleebnal 
mMhiue,  ever;  hAir,  vhen  aot  mfttted  togetbei,  standing  ont  in  the  bk>A 
absDid  mumer,  vben  the  machine  is  pat  in  motion. 

l^BoUif-aglUh  EipeHment. 
Whilst  standinj;  on  the  stool,  sparks  maj  be  obtained  from  his  badj, 
■nd  if  some  tow  is  tied  over  a  brass  ball,  and  moistened  with  a  little 
ether,  and  presented  to  the  tip  of  hia  fioger,  a  aparit  flies  off  wliiti 
quicklj  sets  fire  to  the  inflammable  liiiuid. 

Tiomlf-Hinik  ExperMtni. 
If  snudi  discs  of  tinfoil,  cut  ont  with  a  proper  stamp,  are  pasted  is 
eontinaons  lines  over  plate  glaas,  or  s[unllj  round  glaM  tub^  a  nxj 
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pretty  effect  is  produced  when  they  receive  the  sparks  from  the  electrical 
machine,  and  the  passage  of  the  electricibr  ^m  one  disc  to  the  other 
produces  a  vivid  spiru  or  other  line  of  light.  When  the  tuhe  is 
mounted  in  a  proper  apparatus,  so  as  to  revolve  whilst  the  sparks  pass 
down  the  spiral  tube,  tne  effect  of  the  continuous  electric  sparks  is  much 
heightened.    (Fig.  176.) 

Thirtieth  Expmment, 

A  great  variety  of  experiments,  depending  on  the  proper  arrangement 
of  discs  of  tinfoil  on  various  tubes  oi  coloured  glass  are  manufactured, 
and  some  in  the  form  of  windmills,  the  sails  being  made  luminous  by  the 
passage  of  the  electricity.  The  names  of  illustrious  electricians,  beautiful 
crescents,  stars,  and  even  profile  portraits,  have  been  produced  in  con- 
tinuous  streams  of  electric  sparks. 

Thirty-first  Experiment, 

When  an  electrified  body  is  brought  towards  another  which  is  not 
electrical,  the  latter  is  thrown  into  the  opposite  state  of  electricity  as 
lon^  as  the  excited  body  remains  in  its  neighbourhood ;  and  this  con- 
dition of  electrical  disturbance,  set  up  without  any  contact  or  supplv  of 
electricity,  is  called  induction,  and  involves  a  vast  number  of  interesting 
facts,  which  are  thorousldy  discussed  in  Dr.  Noad's  excellent  work  (» 
electricity,  but  can  only  he  oriefly  alluded  to  here. 

If  a  number  of  lengths  of  brass  wire,  supplied  with  balls  at  the  ex- 
tremities, are  supported  on  glass  legs  and  arranged  in  a  line,  with  a 
little  pith  ball  attached  to  a  thread  hanging  from  each  end  of  the  length 
of  brass  wire,  the  effect  of  induction  is  snown  very  nicely ;  and  when  an 
excited  glass  rod  is  brought  towards  one  end  of  the  series,  the  rising  of 
the  pith  balls  to  each  other  betrays  the  change  which  has  occurrca  in 


Fig.  177.  The  lengths  of  hrats  wire  enpported  on  glaes  rod  pillars  indented  by  blowpipe, 
so  as  to  renin  the  brass  wires  with  the  pith  balls  hanginff  ftt>m  each  series  the  letters 
r  and  v  mean  PodtiTe  and  Negmtive,  and  the  aigna  for  these  terms  are  puoed  above. 
The  letters  v  and  v  are  painted  on  the  blocks  which  support  tlw  glass  rods. 

the  electrical  state  of  the  brass  wires  by  the  mere  neighbourhood  of  the 
excited  glass  tube.  The  glass  tube  is  electrified  positively,  and  attracts 
the  negative  electricity  from  the  brass  wire  towards  the  end  nearest  to 
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it ;  Uie  other  extremity  of  the  brass  wire  is  found  to  be  in.  the  posiftife 
state,  and  this  re-actinc;  on  the  next,  and  so  on  throoghoat  the  leuiths^ 
completes  the  electricsl  disturbance  in  the  whole  series.  (Fig,  ITZj 

TAiriy'Secand  SxperimeiU. 

If  an  insulated  brass  rod  (snch  as  has  been  described  in  the  last 
experiment)  is  touched  by  the  finger  whilst  under  induction,  it  remains 
permanently  electrified  on  the  removal  of  the  disturbing  electrified  body ; 
and  it  is  on  this  principle  that  the  useful  electrical  machine  called  tie 
Electrophorus  is  constructed.  This  eonttant  electrical  machiDe— for  it 
will  remain  in  action  during  weeks  and  months  if  kept  sufficiently  dry- 
was  invented  by  Yolta  in  tne  year  1774,  and  has  been  brought  to  great 
perfection  by  Mr.  Lewis  M.  Stuart,  of  the  City  of  London  School ;  so  that 
with  a  little  additional  apparatus  the  whole  of  the  fundamental  prin- 
ciples of  electricitv  can  be  demonstrated.  It  consists  of  a  flat  brass  or 
tin  circular  dish  aboht  two  feet  in  diameter  and  half  an  inch  deep,  wiudi 
is  filled  with  a  composition  of  equal  parts  of  black  rosin,  shell^ac»  and 
Venice  turpentine ;  therosin  and  the  Venice  turpentine  being  first 
melted  together,  and  thelhell-lac  added  afterwards,  care  of  course  bdng 
taken  that  the  materials  do  not  boil  over  and  catch  fire,  in  whidi  case 
the  pot  mxist  be  removed  from  the  heat,  and  a  piece  of  wet  baize  or  other 
woollen  material  thrown  over  it.  Another  tin  or  brass  circular  pJate  of 
twelve  inches  diameter,  and  supported  in  the  centre  with  a  varnished 

flass  handle  nine  inches  long,  is  also  provided,  and  the  resinous  pl^ 
eing  first  excited  by  several  smart  blows  with  a  warm  roll  of  flannd, 
the  plate  held  by  the  glass  handle  is  now  laid  upon  the  centre  of  the 
resinous  one,  and  if  removed  directly  afterwards,  does  not  aflbid  the 
electric  snark ;  but  if,  whilst  standing  upon  the  excited  resinous  plate, 
it  is  toucned,  and  then  removed  by  the  glass  handle,  a  powerful  electrie 
spark  is  obtained ;  and  this  may  lie  repeated  over  and  over  affain  witii 
toe  like  results,  provided  the  plate  witn  the  glass  handle  is  toudied  with 
the  finger  just  before  lifting  it  Arom  the  resinous  plate.  (Fig.  178.) 


Fig.  118.  A  A.  Large  ctreolar  tin  or  bran  diio  with  tomed-op  edge  half  aa  lodi  deep. 
aaA  oontaining  the  retinoiu  roizture  b,  which  la  rubbed  with  the  wmnn  flaand.  o  &  The 
traper  plate  aopported  by  the  glaaa  handle  d,  a  pith  ball  attached  to  a  wire  ahowa  tihe 
MMtrical  excitation,  and  the  ipark  is  suppoaed  to  oe  pasiing  to  the  hand  b. 
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TLe  electridty  excited  on  the  resinous  plate  is  not  lost^  and  by  induc- 
tion sets  up  tne  opposite  condition  in  the  plate  with  the  glass  handle. 
The  resinous  plate,  being  excited  with  negative  electricity,  disturbs  the 
electrical  quiescence  of  tne  upper  plate,  and  positive  electricity  is  found 
on  the  surface  touching  the  resinous  pUte,  and  negative  electricity  oq 
the  upper  one,  so  that  when  it  is  remOTcd  witliout  being  touched,  the 
two  eiectri<vties  come  together  aoun,  and  no  spark  is  obtained ;  but  if, 
as  already  described,  the  upper  plate  is  touchea  whilst  under  induction, 
then  positive  electricity  appears  to  pass  from  the  finger  to  the  negative 
electricity  on  the  upper  side  of  the  pkte,  when  the  two  temporarily 
neutralize  each  other,  and  then,  when  the  plate  is  removed,  the  excess 
of  electricity  derived  from  the  earth  through  the  finger  becomes  appa- 
rent. Induction  requires  no  sensible  thicxness  in  the  conductors,  and 
can  be  just  as  well  produced  on  a  leaf  of  gold  as  on  the  thickest  plate  of 
metal ;  and  it  should  be  remembered  that  non-conductors  do  not  retain 
their  state  of  electrical  excitation  when  the  disturbing  cause  is  removed, 
whereas  conductors  possess  this  power,  and  this  fact  brings  us  to  the 
consideration  of  the  licyden  jar. 

Thiriy-ihird  Experiment, 

If  one  side  of  a  dry  ^lass  plate  is  held  before  and  touches  a  brass  ball 
proceeding  from  the  prime  conductor  of  an  electrical  machine  whihst  in 
action,  the  other  side  is  soon  found  to  be  electrical ;  this  does  not  arise 
from  the  conduction  of  the  electricitjr  through  the  particles  of  the  glass, 
but  is  produced  by  induction,  the  side  nearest  the  ball  being  in  the 
positive  state,  and  the  other  side  negative :  as  glass  is  a  non-conductor 
of  electricity,  the  effect  is  much  increased  by  coating  each  side  with  tin- 
foil, leaving  a  margin  of  about  two  inches  of  uncovered  glass  round  the 
covered  portion,  then,  if  one  side  of  such  a  pkte  is  held  to  the  prime 
conductor  of  the  electrical  machine,  and  the  other  connected  with  the 
ground,  a  powerful  charge  is  accumulated ;  and  if  the  opposite  sides 
are  brought  in  contact  with  a  bent  brass  wire,  a  loud  snapping  noise  is 
heard,  and  the  two  electricities  resident  on  either  side  of  tne  glass  come 
together  with  the  production  of  a  brilliant  spark,  or  if  the  nands  are 
suDstituted  for  the  bent  brass  wire,  that  most  disagreeable  result  is 
obtained — ^viz.,  an  electric  shock ;  hence  these  glass  plates  aie  some- 
times fitted  up  as  pictures,  and  when  charged  and  handed  to  the 
unsusi)ecting  recipient,  he  or  she  receives  the  electric  discharge  to  the 
great  discomfort  of  their  nervous  system. 

Mica  is  sometimes  substituted  for  glass,  and  the  late  Mr.  Crosse,  the 
celebrated  electrician,  constructed  a  powerful  combination  of  coatea 
plates  of  this  mineral.  It  consisted  or  seventeen  plates  of  thin  mica, 
each  five  inches  by  four,  coated  on  both  sides  witn  tinfoil  within  half 
an  inch  of  the  edge.  They  were  arranged  in  a  box  with  a  glass  plate 
between  each  mica  plat«,  all  the  upper  sides  were  connectea  by  strips 
of  tinfoil  to  one  side  of  the  box,  ana  all  the  under  surfaces  in  the  same 
manner  with  the  opposite  extremity  of  the  box.  They  were  charged  like 
an  ordinary  Leyden  battery. 


dljich^a  of  the  gh 
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Tlarty-foartk  £ 
If  tlie  glass  plate  coated  with  tis- 
foil  is  ch&rged,  and  then  placed  np- 
right  on  a  stand,  it  may  be  slovlj  di>- 
cha^ed  by  placing  s  bent  wire  on  the 
edge  with  the  eitremities  corcred  with 
pith  balls.  The  wire  bakncea  itsdf, 
and  continnea  to  oscillate  with  box 
until  the  electricities  of  the  two  sur- 
faces neatralize  each  other.  (Fig.  179.) 

Thirty-fi/lh  Experiment. 

It   is  easT  to  imagine   the  ria» 

plate  of  the  last  expenment  nlhS  np 

into  the  more  coiLTenient  fonn  of  the 

Lejden  jar,  which  consists  of  a  rij^ 

ves»el  lined  both  inside  and  out  with  tinfoil,  leaving  some  two  or  Uim 

inches  of  the  glass  round  the  mouth  uncovered  and  ramiahed  with 
shell-kc ;  a  piece  of  dry  wood  is  fitted 
into  the  mouth  of  tlie  jar,  thnwgb 
which  a  brass  wire  ana  clujn  an 
passed,  and  the  end  outside  is  fitted 
with  a  ball.  The  Lejden  jar  a 
chaiged  \sj  holding  the  ball  to  the 
prime  conductor  of  the  ekctrial 
machine  until  a  sort  of  whiziing 
noise  is  heard,  caused  b;  Uie  eioess 
of  electricity  passing  round  the  ns' 
covered  put  of  the  jar  and  not 
through  it,  as  tbe  smallest  crack  b 
the  ghss  of  the  Lejden  jar  would 
render  it  useless.  Electridtj  is 
sometimes  called  a  fluid,  and  tbe  bet 
of  collecting  it  like  water  in  a  jar. 
helps  ns  to  understand  this  analoef. 
The  noise,  tbe  bright  spark,  or  Ue 

shock  are  obtained  bj  grasping  the  ontside  with  one  band  and  toudiin; 

the  ball  with  a  brass  wire  held  in  tbe  other.  (Fig.  180.) 

Thirty-tixth  Erferimenl. 
The  jar  is  silentlj  discharged  if  tbe  calls  are  removed  from  the  dis- 
charger and  points  nsed  instead ;  so,  also,  the  whole  of  the  eleetncitj 
produced  by  an  electrical  machme  in  full  action  maj  be  readily  drawn 
off  bj  a  pointed  conductor,  such  as  a  needle,  placed  tt  the  end  of  a  brass 
wire.  Electricitv  passes  much  more  rapidly  through  points  than  ronnded 
surfaces,  hence  the  reason  why  all  parts  of  clectncal  apparatoa  are  bee 
bom  sharp  points  and  rough  asperities. 


E  LETDES  BATTBBT. 


Thirtf-iereulk  Expmmatt. 

Eitremd;  tbin  wires  may  be  burnt  bj  passing  tbe  charge  of  a  large 
Iiejdea  jar  through  them.  The  shov  jura,  called  specie  jars,  usuaOr 
iecoratea  and  placed  in  the  niodows  of  chemists'  shopi,  make  eicel- 
Wt  Lejden  jus,  when  not  too  thick ;  and  with  two  t>(  the  largest,  all 
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mdMblitd  liit)ia^^Uir»on«ch>ld«.  ThatMnwli 
itaK  ud  th«  lower  o»  ii  In  conru  or  deawnUon.  1 1.  C 
gttwojm;  the  uroitt  indJcaU  tlu  path  ortba  electriiiUj. 

the  interesting  effects  produced  bj  accumulated  electricit;  ma;  be  dis' 
pisjed.  To  pass  tbe  discharge  through  wires,  nothing  more  is  required 
thaji  to  strain  tbem  across  a  dij  mabogan;  board,  between  two  brass 
wires  and  bolls,  and  if  a  sheet  of  white  paper  is  iilaced  under  them,  most 
CurioDB  markings  are  produced  bj  tbe  fine  particles  of  the  deflagrated 
metal  blown  into  tiie  surface  of  the  paper.  An  arrangement  of  two  or 
more  Le|rden  jars  is  nsusJly  called  a  Leyden  Batterj,  just  as  a  single 
cannon  is  spoken  of  as  a  gun,  whilst  two  or  more  constitute  a  batterr. 
(Fig.  181.) 

Tiirfy-ei^Ui  Experiaenl. 
Little  models  of  houses,  masts  of  ships,  trees,  and  towers  are  sold  by 
the  instromcnt  makers,  and  b;  placing  a  long  balanced  wire  on  the  top 
of  the  pointed  wire  of  a  large  Leyden  jar,  having  one  end  furnished 
with  wool  to  represent  a  cloud,  a  most  excellent  imitation  of  the  effects 
of  a  chai^d  thunder^cload  is  produced.  The  mechanical  effect  of  a 
fiaah  of  lightning  has  been  analysed,  and  it  has  been  stated,  in  one 
instance,  that  the  power  developed  through  fifty  feet  was  equal  to  a 
13,330  borse-power  ei^ne,  or  about  the  power  of  the  engines  of  the 
Great  SatUrn,  and  that  the  explosive  power  was  equal  to  B  pitssure  of 
three  hnndied  millious  of  tons.  (Fig.  132.) 
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doad.    c.  The  obciUik  ovcrtonwt 
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It  was  the  leuned  but  humble  loiiided  Dr.  Fnnklm  vbo  estkUiiM 
the  identity  belweea  the  mimic  effects  of  tbe  electrical  machiim  (smi 
ta  have  been  described),  and  tbe  aire-inspiring  thunder  and  lightning  d 
Dfttttre.  A  copper  rod,  hslT  an  inch  Ihicc,  pointed  ftod  gilt  kt  the  n 
tremit J,  and  carried  to  the  h^eat  point  of  a  boildinR,  will  protect  * 
circle  with  a  ndius  of  tsice  its  length.  He  bottom  tf  the  rod  mnit  be 
passed  into  tbe  earth  (ill  it  toocbes  a  damp  stntnm. 
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CHAPTER  XIV. 

VOLTAIC     XLECTBICITT. 

Ik  describing  the  fanous  means  by  which  electricity  may  be  obi4unei1, 
it  was  stated  that  "Chemical  Action"  was  a  most  iroporUint  source  of 
this  remarkable  agent ;  at  the  same  time  it  must  be  understood  that  it 
is  not  e?ery  kind  of  diemical  action  which  is  adapted  for  the  purpose ; 
there  are  certain  principles  to  be  rigidly  adhered  to — ^first,  in  the 

feneration  of  the  force ;  and  secondly,  in  carrying  it  by  wires  so  as  to 
e  applicable  either  for  telegraphic  puiposes,  or  for  the  highly  valuable 
processes  of  electrotyping  and  electro-suvering,  plating,  ana  gilding. 

A  lighted  candle,  or  an  intense  combustion  of  coal,  coke,  ojr  charcoal, 
no  doubt  involves  the  production  of  electricity,  but  there  are  no  means  at 
present  known  bv  which  it  may  be  collected  and  conducted ;  when  that 
problem  is  solvea,  the  cheapest  voltaic  battery  will  have  been  constructed, 
in  which  the  element  decomposed  is  charcoal,  and  not  a  metal,  such  as  iron 
or  zinc.  The  first  and  most  simple  experiment  that  can  be  adduced  in 
proof[of  electrical  excitation  by  coemical  means,  is  to  take  a  bit  of  clean 
zinc  and  a  clean  half-crown,  and  placing  one  on  the  ton^e  and  the  other 
below  it,  as  long  as  they  remain  separate  no  effect  is  observed,  but 
directly  thejr  are  made  to  touch  each  other,  whilst  in  that  position,  a 
peculiar  thrill  is  rendered  evident  by  the  nerves  of  the  tongue,  which  in 
this  case  answers  the  same  purpose  as  the  electroscope  already  de- 
scribed, and  in  a  short  time  a  peculiar  metallic  taste  is  perceptible. 

It  has  been  stated  over  and  over  again  that  it  was  to  a  somewhat 
similar  circumstance  we  owe  the  discovery  of  voltaic  electricity,  and 
the  story  of  the  skinned  frop  agitated  ana  convulsed  by  an  accidental 
communication  with  two  different  metals,  or,  as  some  say,  with  the 
electricity  from  an  ordinary  machine,  has  been  repeated  in  nearly  every 
work  on  the  science.  Professor  Silliman,  however,  asserts  that  the  gal- 
vanic story  is  doubtful,  and  is  a  fabrication  of  Alibert,  an  Italian  writer 
of  no  repute,  and  that  greater  merit  is  due  to  Galvani  than  that  of  bein^ 
merely  tne  accidental  discoverer  of  this  kind  of  electricity,  because  he  had 
been  engaged  for  eleven  years  in  electro-phvsiological  experiments,  using 
fro^'  legs  as  electroscopes.  It  was  wnilst  experimenting  on  animu 
imtability,  Galvani  noticed  the  important  fact  that  when  the  nerve  of  a 
dead  frofr,  recently  killed,  was  touched  with  a  steel  needle,  and  the  mubcle 
with  a  Sliver  one,  no  convulsions  of  the  limb  were  produced  until  the  two 
different  metals  were  brought  in  contact,  and  he  explained  the  cause  of 
these  singular  after-death  contortions  by  supposing  that  the  nerves  and 
muscles  of  all  animals  were  in  opposite  states  of  electricity,  and  that 
these  nervous  contractions  were  caused  by  the  annihilation,  for  the  time, 
of  this  condition,  by  the  interposition  of  a  good  conductor  between  them. 

This  theory  of  Gradvani  had  several  opponents,  one  of  whom,  the  cele- 
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bntod  Volta,  tncceeded  in  pointing  out  iU  Mac; ;  lie  mmtained  that 
the  electrical  excitement  was  dne  entirely  to  the  metali.  Mid  that  the 
muscular  coatractions  were  csnsed  by  the  electricit;  thns  developed 
passing  along  the  Deires  and  muscles  of  the  dead  animaL 
To  Volts  we  are  indebted  for  the  first  voltaic  battetr,  and  the  dis&i- 
r  msY  trulj  be  said  to  have  laid  the  fomidationof  this 
ly  raliuitile  branch  of  scienoe. 

Finl  Experiment. 
If  B  plate  of  clean  bright  tine  is  placed  in  a  vessel  containing  some 
dilnte  snlDhuric  acid,  energetic  action  occurs  from  the  oxidation  of  the 
metal,  ana  its  union  as  an  oiide  with  the  acid,  and  the  escape  of  a  mul- 
titude of  bubbles  of  hydrogen  gas.  After  theactioahsa  proceeded  some 
time,  the  zinc  ma;  be  remored,  and  if  a  little  qoicksilver  is  now  rubbed 
over  the  aarface  with  a  woollen  rag  tied  on  the  end  of  a  stick,  it  unites 
with  the  metal,  and  the  sur- 
fftce  of  the  nnc  assumes  a 
brilliant  silvery  appearance, 
and  is  said  to  be  amalga- 
mated.   In  that  condition  it 

dilate  snlpDii 

the  soke  of  economy  this  ii 
the  only  form  in  wliich  sine 
should  be  employed  in  the 
construction  of  voltaic  batte- 
ries or  single  circles.  If  a 
clean  plate  of  copper,  with  a 
wire  attached,  is  now  placed 
in  the  dilate  acid  opposite  to 
..„ „.. „ -.  J  and  not  touching  toe  amal- 

tuKDt.  also  be  furmshed  with  a  con- 

ducting  wire,  no  bubbles  of 
hydrogen  escape  until  the  wires  from  the  two  metals  are  brought  in 
contact,  and  then,  singular  to  relate,  the  hvdn^n  escapes  from  the 
copper  plate,  whilst  the  oxygen  is  rapidly  absorbed  by  the  zinc,  and  a 
onrrent  of  electricity  will  now  be  found  to  pass  from  the  zinc  throogh 
the  fluid  to  the  copper,  and  back  agaio  through  the  wire  to  the  starting- 
point,  and  if  the  wires  are  disconnected,  the  chemical  action  ceases,  and 
no  more  electricity  is  produced.  (Fig.  184.) 

The  passage  of  the  current  of  electricity  is  not  discoverable  by  the 
electroscope,  because  it  is  adapted  only  to  indicate  electricity  of  high 
tension  or  intensity,  snch  as  that  produced  from  the  electrical  mwdune, 
which  will  pass  rapidly  through  a  certain  thickness  of  ur,  and  canae 

5ith  balls  to  stand  out  and  repel  each  other ;  such  effects  are  not  pro- 
ucible  by  a  single  voltaic  circle,  or  even  on  ordinary  voltaic  battery, 
although  one  comprising  some  hundreds  of  sJtemations  would  produce 
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an  effect  on  »  delicate  electrometer ;  hence  voltaic  electricit j  is  said  to 
be  of  low  intensity,  and  this  property  makes  it  much  more  useful  to 
mankind,  because  it  has  no  desire  to  leave  a  metallic  path  prepared  for 
it,  and  does  not  seize  the  first  opportunity,  like  the  electricity  from  the 
electrical  machine,  to  run  away  to  the*  earth  through  the  best  and 
shortest  conductor  offered  for  it.  If  electricity  had  only  been  producible 
by  friction,  we  should  never  have  heard  of  electrotyping,  and  the  other 
useful  applications  of  electrical  force  of  low  intensity. 

Second  Experiment. 

To  ascertain  the 
passage  of  a  current 
of  voltaic  electricity, 
the  instrument  called 
the       ^vanometer 

needle    is     provided,  j^  jg^    ^  galvanometer  needle,  conaisting  ef  a  coU  of 

which   consists   of   a  eoTered  copper  wire,  the  ends  of  which  terminate  at  the 

coil  of    Conner  wire  ^^^i^^T  screws.     The  magnetic  needle  is  snapended  on  a 

t^i*  u      wppc     \  ixs,  point  in  the  centre,  and  the  coil  is  Burrounded  with  a  gradu- 

surroundmg  a  mag-    ated  circle. 

netic  needle,  so  as  to 

leave  the  latter  freedom  of  motion  from  ri^ht  to  left,  or  vice  versa. 

When  this  coil  is  made  part  of  the  voltaic  circle  it  becomes  magnetic, 

and  reacting  on  the  magnetized  needle,  deflects  it  to  one  side  or  the 

other,  according  to  the  direction  of  the  current.  (Fig.  185 .) 

Third  Experiment, 

If  a  number  of  simple  voltaic  circles,  such  as  the  one  described  in  the 
first  experiment,  are  connected  together,  thejr  form  a  voltaic  battery, 
in  whicn  of  course  the  quantitjr  of  electricity  is  greatly  increased. 
Batteries  of  all  kinds,  from  the  original  Yolta's  pile,  consistmg  of  round 
zinc  and  copper  plates  soldered  together  with  interposed  cloth  moistened 
with  dilute  sulphuric  acid,  or  his  eouronne  des  tosses,  consisting  of  zinc 
and  silver  wires  soldered  together  in  pairs,  and  placed  in  glass  cups 
containing  dilate  acid,  to  the  improved  batteries  of  Cruikshank,  Wil- 
kinson, £ibington,  Wollaston,  and  the  still  more  perfect  arrangements 
of  Daniell,  Leclanchd,  Bunsen,  and  Grove,  have  been  from  time  to  time 
recommended  for  their  own  peculiar  features. 

Amongst  these  several  inventions,  none  will  be  found  more  useful 
than  the  constant  battery  of  Daniell  for  electrotyping,  silvering,  gilding, 
and  other  purposes,  and  Urove's  battery  for  all  the  more  brilliant  resuUs, 
such  as  the  deflagration  of  the  metals  or  the  nroduction  of  the  electric 
light.  The  construction  of  the  Daniell  and  Grove  batteries  will  there- 
fore be  described.  The  former  consists  of  a  cylindrical  vessel  made  of 
copper,  in  which  is  suspended  or  placed  (as  it  is  open  at  the  top)  a 
membranous,  brown-paper,  canvas,  or  porous  earthenware  tube,  con- 
taining an  amalgamated  rod  of  zinc.  To  charge  this  arrangement,  a 
strong  aolution  of  sulphate  of  copper,  with  some  sulphuric  acid,  is 
poured  into  the  copper  vessel,  which  is  provided  usually  with  a  sort  of 
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coluider  at  the  top  to  hold  crjsUU  of  sulphate  of  copper,  and  la  tk 
porous  tube  cDntainins  the  liuc  rod  is  poured  dilute  auTphaiic  sdd.  A 
number  of  these  cjlinders  of  copper,  twenlr  inches  high  aodthm  iaAa 
and  a  half  in  diameter,  arranged  in  wooden  frames  to  the  nombei  d 


Fig.  IBB.  it.  Coppn'STUidiialTMMl  with csIuhIct lo bold  tht  «7rtali «f  olpW- 
of  ooppcr.    a.  Tbe  umigtaMtei  iliu  nd  luldt  tlu  pomii  all  c  a.    o.  A  •els  at  bkW 

otUi  bcmlDg  a  DinlcU'i  tattOT. 

tweutj,  afford  a  quantjtj  of  electricitj  suiGcient  to  demonstr&le  all  tfa 
usual  phenomena.    (Fig.  186.) 

Professor  Qrove's  battei;  consists  of  a  flat  gUzed  earthenware  Tessd 
contaioins  a  flat  porous  cell.  An  auialgamated  linc  plate  ii  placed 
outside  the  porous  cell,  and  a  platinum  plate  inside  the  Jatler.  Tbc 
arrangement  is  put  in  action  by  ponring  dilute  sulphuric  add  roond  Hit 
line  and  strong  nitric  acid  iuaide  the  porous  cell.  A  set  of  Gtotc'i 
nitric  acid  battery,  as  manufactured  by  Messra.  Elliott,  Brothers,  al 
30,  Strand,  with  fifty  pairs  of  sheet  platinum,  five  inches  b;  two  inchei 
and  a  quarter,  and  double  amalganiBted  zinc  platea,  flat  porous  cells,  ml 
separate  earthenware  trongha  for  each  pair,  and  stout  mabt^anj  stand, 
arranged  in  ten  series  of  five  pairs,  will  evolve  with  a  proper  Toiumela 
one  huadred  cubic  Inches  of  the  mixed  gases  perminute  from  the  decsompo- 
sition  of  water,  and  will  exhibit  a  most  brilliant  electric  light,  whm 
arranged  as  a  single  series  of  fifty  pairs  of  plates.  Even  thirty  pain 
exhibit  the  most  splendid  effects,  wLibt  fart;  may  he  r^i^arded  as  tLe 
liunpy  medium,  giving  all  the  results  that  can  be  desired.     (Fig.  187.) 

Ttie  advantage  of  employing  amalgamated  dnc  is  very  ptominenlly 
illustrated  whilst  using  any  [lowerful  arrangements  of  either  l>Muell's  or 
Qrore's  batteries,  as  they  will  remain  for  hours  quiescent,  like  a  gual 
asleep,  until  the  terming  wires  of  the  scries  are  brought  in  routvt 
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I_.  . 

Flf.  UT.  1 X.  Aiulguuted  ilui  pl>U  in  Bit  urthenwin  tronch.  AEtuhtd  to  ■  blocl- 
iDf  tatw  u  lb*  pliliaum  pUla  La  poroui  »11,  c  o.  c,  A  ktIb  uf  ^ngLe  c«11b  lunalng  ■ 
GTOirtb«n«T, 

either  thronsti  the  intcrrention  of  some  fluid  under  decomposiUon  or  bj 
means  of  cWco&l  points.  The  author  bad  the  pleasure  of  vitnesaing 
at  Kino's  CoUeffe  aatne  of  the  effects  of  an  enonnoua  battel^,  preparea 
bj  theiitte  Professor  Daniel!,  and  consiatina  of  seventy  of  his  eells. 

A  eontinnoua  arch  of  flame  was  produced  between  two  charcoal  points, 
when  distant  from  each  otiier  three  quarters  of  an  inch,  and  the  light 
and  heat  were  so  intense  that  the  professor's  face  became  scorched  and 
inflamed,  aa  if  it  Imd  been  eiposed  to  a  summer  heat.  The  ra;s  col- 
lected bj  a  lens  qnicklj  fired  paper  held  in  the  foeus.* 

Fimrii  Experiment. 
It  is  by  "  chemical  action"  the  electricity  is  prodaced,  and  as  action 
and  reaction  are  always  equal,  but  contraiy,  we  are  not  surprised  to  find 
that  the  electricity  from  the  voltaic  battety  will  in  its  turn  decompose 
chemically  many  compound  bodies,  of  which  water  is  one  of  the  most 
inlerestio);  examples.  It  was  in  the  Tear  1800,  and  immediately  after 
Yalta's  announCGment  to  Sir  Joseph  lianks  of  his  discovery  of  the  pile, 
that  Messrs.  Nicholson  and  Carlisle  constructed  the  first  pile  in  England, 
consisting  of  thirty-six  half'Crowns,  with  as  many  discs  of^sinc  and  paste- 
board soaked  in  salt  water.  These  seatlemen,  \Fhil3t  experimenting 
with  the  pile,  ohserved  that  bubbles  oi  gas  escaped  from  the  platinum 
wires  immersed  in  water  and  connected  with  the  extremities  of  the 
Volta's  pile,  and  cnyerine  the  wires  with  a  glass  tube  full  of  water,  on 
the  2nd  of  May,  ISOO,  they  completed  the  splendid  discovery  of  the 
fact  that  the  Volta's  current  had  the  power  to  decompose  water  and 
other  cliemical  compounds. 

*  Bj'  Iha  ll^t  lyom  the  uiDt  taltfrj  pbotOEcnlc  dnwingi  wera  tikoi,  ud  Iht  h«Uo|[ 

Ertr  wu  10  great  u  to  Aim  wtth  the  otmoit  nadincai  a  Iku- orplttlDiuD  ODfr^g'htJi  i>f  aa 
hvquan;  luidaUtbcman  Infoallile  dwula,  nurh  ae  rhodium,  IfldJam,  tltanlmi^  Ac, 
wwe  mrttad  like  wai  when  pl*c«d  Id  imall  aiirltls  la  hard  naptilteanil  ciKoad  to  tlu 
•urraitorelMtiiclQ. 
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In  1801,  Daij  W  w- 
Meded  to  »  Tiant  p«  a 
tin  Konl  Ltstttntkn,  ud 
on  Oct.  6th,  1SD7,  ink 
his  tnuuccndent  dlscovrn' 
ot  potusiDm  with  tk  1^ 
of  Uk  TolUio  batl«i7,  mi 
from  that  and  otha  tif- 
riments  iofemd  tint  tb 
whale  cnut  of  the  gkib 
was  composed  of  Ibe  iniiiB 
ot  metala.  To  eihibit  tit 
decompoution  of  nicr, 
tvo  ptatinum  pUla  *itD 
proper    coiuie<^iiig  viR^ 


pauins  to 

cups  toll  c 


Teasel,  which  is  Um  Sd<° 
_^    with  dilute  suljiiiiieioi 

nj.lBB.  *^AIb,ge,,l».wM.twol»l«MM  '"^  "'"■"'  "",  "^ 
to  pui  th*  wlTM  thiDogG,  wbloli  ua  Imbeddnl  In  plstea  and  OTCT  uan,  ttW 
cmat  gplo  UupbUnimipUla.  ■  b.  Olu  tuba,  two  glara  tubei  »iso  (i» 
IiluMOT«rthepUtlaimiriUa((.ncdT>thaUlMntiid  tuning  the  nme  OuM  9 
ajiai  ud  hjdroiai.  Tht  •ol*  U  the  aide  ilioiri  contact  with  the  UltC^ 
Uu  trntKOn  toIdih  of  l-o  ot  H  to  one  oro.  fj.^^  measnics  of  hjditpt 

are  foond  in  one  tube,  ai 
one  of  oxjgen  in  the  odio 


^o' 


3.) 


t  then 


battetj,  an  unpoitaat  » 
stmmeat  inTcnted  bf  tr 
ndaj  is  used.  It  eoaaH-' 
Oi  separate  pUtiniini  pl>lB 


FIg.lSt).   . 


itand,  and  over  ^ti^  ' 
capped  air-jar  witi  » !«' 
pipe  is  also  cemented.  1^ 
^paratna  conttins  AI'" 
,  sulphoricaciiloflhes"*  , 
^f ^i'r:?&T£S  »t™^h  a,  that  «.«!  »   ; 

nma  ilaud  vhloh  outIh  Iho  nmnwUDg  copLwim,  the  batteTT  nnder  eUH- 
ud  pliliiram  pliUa,  which  ■»  bml  ronnd  eich  iMior  BBtinn  jinri  li»  takilir  "' 
toimpranUuKtlaDorthBTalUineter.  ?^      ^,l         ^^^,v    I 

tune,  the  quantitj  «  ^    \ 
miied  oxygen  and  hjdrogen  gases  prodncible  b}^  a  balterr  pci  U""  " 
accurately  determined,  the  gases  of  coonc  being  collected  in  '  S* 
doatedjar.  (Fig.  1S90 
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Fi/ih  Experiment. 

By  grouping  the  simple  circles  fonning  a  voltaic  battery  in  vaiious 
numerical  relations,  the  mtantity  and  iniefuiiy  effects  are  modified. 

Thus,  if  a  series  of  thirty  pairs  of  Grove's  battery  are  all  connected 
together  in  consecutive  order,  the  smallest  qmiUtty  and  the  largest 
iniefuity  effect  is  produced. 

If  changed  to  two  groups  of  fifteen  each,  the  quantity  is  doubled— 
that  is  to  say,  it  will  piroduce  double  the  quantity  of  the  mixed  gaaea 
from  the  voltameter  with  half  the  intensity. 

If  arranged  in  three  groups  of  ten  each,  it  is  trebled  with  a  propor- 
tional loss  of  intensity,  until  the  grouping  reaches  six  series  of  five  each, 
when  a  maximum  supply  of  the  mixed  gases  is  obtained  from  the 
voltameter. 

In  arranging  the  groups,  all  the  zinc  ends  of  each  senes  are  con- 
nected, ana  all  the  platinum  ends  are  likewise  joined  by  proper  wires. 

Sixth  Experiment, 

A  plate-glass  trough,  con- 
taining a  few  grains  oi  iodide 
of   potassium    dissolved    in 
water  with  some  starch,  is 
quickly  decomposed  into  its 
elements  bv  placing  in  two 
platinum  plates  and  connect- 
ing them  with  the  wires  of 
the  voltaic  battery.     If  the 
glass  trough  is  divided  in  the 
centre  with  a  bit  of  cardboard, 
the  purple  colour  of  the  iodine      ^    ,  .    ,     ^     ^      ...... 

and  starch  «  shown  very  beau-   „ir5iiS;«,^to"^JJr»S^3"SM; 

tliully  on  one  side,  but  not  on  with  a  bit  of  cardboard,  B.  0  0  are  the  twoplatlniim 

f  Yin  nthpr    as  iodinp  is  lihe.  plates  connected  with  the  battery,  and  the  shaded 

tne  oiner,  as  loame  is  uoc-  JJ^  ^  roppoied  to  repretent  the  Ubention  of  the 

rated  at  one  pole  and  the  al-  iodine, 
kali  at  the  other.  (Fig.  190.) 

Seventh  Experiment, 

Some  solution  of  common  salt  coloured  with  sulphate  of  indigo  and 
placed  in  the  trough  is  decomposed  into  chlorine,  which  bleaches  one 
side  of  the  indigo  solution,  ana  the  alk^  liberated  on  the  other  does 
not  affect  it. 

Eighth  Experiment, 

Some  nitrate  of  pot^h  dissolved  in  water  and  coloured  with  litmus 
placed  in  the  glass  trough,  changes  red  on  one  side  of  the  cardboard  by 
the  liberation  of  acid,  and  is  not  affected  on  the  other. 

In  these  experiments  the  oxygen,  iodine,  chlorine,  and  nitric  acid  are 
liberated  at  tne  electro-positive  pole,  and  are  hence  termed  electro- 
negative bodies,  whilst  hydrogen  and  the  alkalies  are  set  free  at  the 
electro-negatire  pole,  ana  are  therefore  called  electro-positive  bodies. 
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Faraday  has  modiSed  these  tema,  and  calls  the  two  clasaea  "  mmk' 
and  "eathiom,"  nnd  the  two  poles  "anodes"  and  "cathodes." 

Anode,  from  ara,  up,  and  66bt,  a  way :  the  waj  which  the  sun  rae>. 
Anions,  from  am,  up,  tlfu,  to  ^ ;  that  whidi  goes  np ;  a  rabstwc 
which  passes  t«  the  anode  donog  the  passage  ot  a  current  of  dec- 
tricitj.  Cathode,  from  («-□,  down,  and  &i6t,  a  waj :  the  wsj  vUdi 
the  suD  sets.  Cathion,  from  kotIi,  down,  and  iifu,  to  go :  that  ibicli 
goes  down ;  a  substance  whidi  passes  to  the  cathode  dunug  the  pHugi 
of  electricitj  from  the  anode  to  the  cathode. 

Ninth  Experitiaii. 
In  the  process  of  the  electrotTOc  is  presented  a  valnabte  ajpplicstHii 
of  the  ohemieal  power  of  the  Toltaie  circle  or  hattcrj,  anil  it  msj  tie 
conducted  either  as  a  single  cell  operatioD  or  bj  distinct  batteries.  Ii 
the  former  case  the  most  simple  arrangement  will  suffice ;  the  otilv 
articlea  necessair  are—a  large  mug  or  tumbler ;  some  brown  p^ier  uu 
a  ruler;  a  bit  at  amalgamated  me,  four  inches  long  and  half  u  ii>± 
wide ;  a  short  length  of  copper  wire ;  some  block  lead,  blue  vitriol,  ind 
oil  of  Titriol. 

The  mould  from  which  the  electrotype  is  to  he  taken  con  be  muic 
of  common  sealing  woi,  plaster  of  Paris,  white   wax,  j^tta  perdu, 
or  fusibb  allof.    Supposing  the  first  to  be  selected — tu,,  a  comoH 
seal,  it  is  first  thoroughly  black-lcadcd,* 
then  one  end  of  the  copper  wire  is  bcnl 
round  the  top  of  the  amalgamated  tat, 
and  the  other  is   gently  warmed  ttA 
melted  into  the  side  of  tnc  seal,  leatiu 
I   a  sm^  portion  uncovered  bj  the  nu. 
which  is  then  well  btack-leaded.    A  Itj 
ounces  of  blue  vitriol  are  dissolved  b 
,   boiling  water,  and  when  cold  the  solu- 
tion is  poured  into  the  tumbler,  and  tbe 
porous  cell  to  contain  the  mixture  d 
eiriit  parts  water  to  one  of  sulphniic 
acid  is  made  b;  rolling  the  brown  pspc 
three  or  tour  times  round  the  ruler  inil 
closing  the  end,  anil  fixing  the  side  «it^ 
a  little  sealing  wax.    The  porous  cell  of 
brown  paper  is  now  filled  niUi  the  di- 
lute acid,  and  placed  in   the   tumbki 
contuning  the  soklton  of  blue  vilnol, 
the  amalgamated  zinc  being  arranged  in 
the  paper  cell,  and  the  atUched  seal  in 
'USKhliTSf  ""«  '«PP«'"  solution ;   in  about  twelte 
1  ptptr  nil  hours  a  good  deposit  of  copper  is  m^ 
pharic  add,    dnced,  aad  a  perfect  oast  m  metal  of 
j™.jrfri«c   the  seal  obtained.  (Fig.  191.) 


JtEfcb'l 


*  niB  iqipUcblEon 
bj  (b«  U*  bnuDtef 
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Messrs.  Elliott  provide  every  kind  of  convenient  vessel  for  the  pur- 
pose, and  in  the  picture  below  it  will  be  noticed  that  the  single  ceil  appa- 
ratus,  though  not  so  economical  as  the  simple  tumbler  arranfifement  already 
described,  is  perhaps  more  convenient  for  electrotyping.  (Fig.  192.) 


Pig.  102.    A.  Single  cell  apDantas  with  proper  Teasel,  poroat  tube,  and  binding  icrewib 
B.  A  large  trough  diTidea  by  a  diaphragm  of  biseoit-ware  or  very  thin  porooa  wood. 

Tentk  Experiment, 

A  single  cell  apparatus  is  only  adapted  to  produce  small  electrotypes, 
but  when  larger  ones  are  required,  a  separate  battery  of  three  or  mur 


Fig.  198.  A.  A  ilngle  cell,  DanieH'i,  attached  to  b,  the  troogh  contalnhig  the  moold 
Md  the  plate  of  copper.  Below  is  a  Smee'e  battery  readr  to  be  attached  to  a  larger  trMfk 
for  the  porpoee  of  electrotyping  a  great  number  of  monlde  at  the  lame  time. 
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Daniell's  or  Smee's  cells  is  KqiiiKd;  and  it  is  usual  to  pkce  tlwfflaild 
to  be  copied  in  a  separate  wooden  trough,  attaching  it  to  the  oUude 
wire,  whilst  a  copper  plate  is  connected  with  the  anode,  so  that  u  tbc 
solution  of  sulphate  of  copper  undergoes  decompoutioD  bj  the  p>s^ 
of  the  electricitT,  it  is  kept  almost  in  a  normal  atate,  in  conaeqautt  (f 
the  oi^gen  of  the  water  and  the  acid  passing  to  the  cc^iper  plate,  v^ 
the;  attack  and  diuolrc  as  fast  as  the  oxide  of  copper  and  hfdnga 
are  liberated  at  the  cathode,  where  the  tatter  deouoiies  the  uide  c' 
copper,  and  bj  a  secondarj  action  deposits  metallic  copper;  the  objcd 
bemg  to  dissofre  fresh  metal  as  the  copper  is  deposited  on  the  mMli 
(Fig.  193.) 

Blevoili  Experiment. 

To  silver  electrotirpes  or  other  brass  and  copper  articles,  the  fad 
attention  must  be  pud  to  the  cleanness  of  them ;  and  wh^i  an  electnitj|e 
is  just  lemoTed  from  the  copper  solution,  and  washed  in  clem  wiur, 
it  IS  at  once  readj  to  receive  the  coating  of  silvery  otherwise,  if  it  ku 
been  handled,  or  is  slightl;  greasj,  it  should  be  first  boiled  in  a  visAta 
of  commoa  washing  sod^  and  thea  the  oiide  removed  b;  pasii^  & 
rapidlj  in  and  out  of  some  "Dipping  Acid,"  whidi  is  prepuwlj 
mixing  together  eijuol  parts  of  oQ  of  vitriol  and  nitric  sod;  i^ 
removed  from  the  "Dipping  Acid,"  it  must  be  well  washed  in  nt<(> 
and  maj  remain  under  the  surface  of  the  water  until  the  silraiDS 
solution  is  read;.  A  stiver  solotioa  ma;  be  piepaied  b;  disicJiiii;  ■ 
sixpence  in  some  nitric  acid  contained  in  a  flask ;  it  is  then  pouitd  ^ 
a  solution  of  common  salt,  which  precipitates  the  chloride  of  silrer,  ud 
leaves  the  copper  in  solution — the  latter  is  poured  off  when  the  cbliwc 
has  subsided,  and  after  being  well  washed  in  some  belling  vattr,  b 
dissolved  in  a  solution  of  c;anide  of  potassium.  If  a  clean  eUctcolJl* 
is  plunged  into  this  solution,  it  is  mM- 
diatel;  covered  with  a  ver;  tMn  coatio;  a 
silver,  which  of  course  would  soon  wwi* 
and  in  order  to  increase  the  Uucknesi  of 
the  silver  deposit,  a  single  cellainuigojw' 
ma;  be  constructed  of  a  Large  gaUijMt  ta>| 
*»i"i"g  a  wide  porous  cell  Bnil  a  aide  »• 
amalgamated  qhc  around  it ;  the  im)^' 
ment  is  set  in  action  b;  pouring  a  gotutno 
of  salt  (or,  still  better,  aal  ammoniac]  ia||> 
and  around  the  porous  vessel,  and  the  ^• 
vering  solution  mki  the  latter ;  acoUKfi- 
--— ■^^^^--n^-^-"-  -^-  ine  wire  passes  from  the  line,  and  tk  K- 
IM.     The   ^Ipot  con-   tide  being  attached  to  it,  is  new  plosg'^ 

„  lao  lolniioii  of  ul  uDiDo-   inio   the   porous   cell,  when  a  current  " 

SEU'SillS'SSS  ekoltidl,  .Wlj  i«..a  »Kl  dct.lnfc 

•am   to    nhidi  the  mediJ    u    silver  on  the  copper  article.   (Fig.  IM) 
■lUAdl,  uid   mntAlatd  In  tbi 
lanu  Tend  hoMiactht  dl?wiiis 
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Twelfth  Experimeni. 

Separate  batteries  and  lar^  troughs  containing  a  solution  of  cyanide 
of  silver  in  cyanide  of  potassium  are  used  on  a  grand  scale  in  the  electro- 
l^lating  establishment  of  Messrs.  Elkineton  of  Birmingham,  where  the 
tnest  specimens  of  the  art  are  to  be  obtained ;  a  plate  of  silver  being 
attached  to  the  anode  to  supply  the  loss  of  silver  in  these  troughs. 

ThirieeiUh  Experiment, 

The  art  of  gilding  by  the  agency  of  electricity  is  quite  as  simple  as 
the  processes  already  described,  although  greater  care  is  necessary  to 
avoia  any  loss  of  the  precious  metaL  A  small  bit  of  ^Id  is  dissolved 
in  a  mixture  of  three  parts  muriatic  acid  and  one  of  mtric  acid,  which 
forms  the  chloride  of  gold.  This  is  then  digested  with  an  excess  of 
calcined  magnesia,  and  the  gold  is  precipitated  as  an  oxide  of  the  metal ; 
the  latter  is  collected  and  washed,  and  then  boiled  in  strong  nitric  acid 
to  remove  the  magnesia  clinging  to  it^  and  being  again  thoroughly  washed 
with  water,  is  dissolved  in  a  solution  of  cyamde  of  potassium,  forming 
a  solution  of  cyanide  of  gold  and  potassium,  which  may  be  placed  in 
the  porous  ceil  of  the  single  cell  arrangement  already  described  in 
the  Eleventh  Experiment, 

Fourieenih  Experiment, 

Tlie  safest  and  surest  mode  of  making  a  gilding  solution  is  to  dissolve' 
some  cyanide  of  potassium  in  water  in  a  ^dlipot,  and  having  placed  a 
porous  vessel  therein  containing  the  same  solution,  put  a  plate  of  copper 
into  the  porous  cell^  and  some  thin  foil  of  pure  gold  into  the  gallipot ; 
connect  the  gold  with  the  anode  of  a  single  ecu  of  Daniell,  and  the 
cooper  in  the  porous  cell  with  the  cathode,  and  in  a  few  hours  sufficient 
gola  win  be  dissolved  for  the  purpose  of  gilding. 

It  is  usually  recommended  to  warm  the  gilding  solution  till  it  reaches 
a  temperature  of  about  150^  Eahr.,  and  a  very  moderate  battery  power 
is  employed  in  Electro  Gildine.  Indeed  the  same  arrangement,  shown 
in  the  Eleventh  Experiment,  fig.  189,  will  also  answer  U)r  the  gilding 
solution.  After  being  dlt,  the  articles  may  be  rubbed  with  a  little 
tripoli,  or  burnished  (witn  taste)  by  the  handle  of  a  key. 

Fifleenih  Experiment. 

Passing  on  to  the  more  brilliant  results  obtainable  from  a  powerful 
voltaic  battery  (of  at  least  thirty  pairs  of  Grove),  the  beautiful  incan- 
descence of  platmum  wire  may  first  be  noticed.  If  a  wire  of  this  metal 
is  stretched  between  the  brass  standards  of  two  ring  stands,  the  length 
must  be  proportioned  to  the  power  of  the  battery ;  the  adjustment  can 
be  made  very  conveniently  by  twisting  the  platinum  wire  on  one  ring 
stand,  and  tnen  leaving  tne  other  end  loose,  the  second  ring  stand  may 
be  brought  nearer  and  nearer  to  the  first,  until  tJie  desired  intensity  of 
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li^t  from  the  incandesceiit 
wire  is  obtained.  (Fi^.l9B.) 
If  tiie  wire  is  oontamed  la 
a  glass  tube  the  ooolio^ 
effect  of  cnrrcnts  of  lir  is 
prevented,  and  a  mad 
greater  loigth  of  viie  as 
be  made  hot. 

Sixteenth  Experimnt. 

With  the  same  arrug^ 
ment,  a  chain  composed  of 
alternate  links  of  surer  aad 
platinum  wire  jpreaeats  % 
very    prcttj    effect,  cten 

Fig.  196.  A  A.  Two  ring  stands  with  th«  battery  alternate  hnk  of  platiBUffl 
wires  b  b  (which  should  be  a  convenient  length)  at-  being  incandescent,  wbils* 
tached.  c.  Platinum  wire,  fixed  end.  d.  The  other  fkp  Rilvpr  fmm  if «  PTM>llait 
end  held  in  one  hand  and  shortened  as  the  stand  Is  ^^^e  suver,  irom  IW  eiccuau 
moved  by  the  other  hand.  conductixig  power,  reoauis 

comparatively  cool. 

Setenteenth  Siperimeni. 

Fireworks  or  gunpowder,  amogeii 
in  proper  cases,  are  fired  at  a  grest 
distance  from  the  voltaic  batteir  br 
heating  a  thin  iron  or  platinum  vire 
contained  within  them  by  the  pas- 
sage of  the  electricity;  and  sob- 
marine  and  other  explosions  of  eos- 
powder  by  the  same  agency  bare 
oecome  a  common  engineering  op^ 
ration.  (Fig.  196.) 

During  the  operation  of  blastii^ 
the  hard  marl  rocks  in  the  Bir^r 
Severn  by  Mr.  Edwards,  CE,  « 
number  oi  holes  were  made  side  br 
Fig.  196.  A.  A  Gerb  firework  with  two  side  in  the  bed  of  the  river,  and 
SSfXS'M'w'.™]'  SSnft^f  cartridges  formed  of  strong  d«ct« 

battezywiroatiedtotheoutoideofthecase.  canvas,  tapered  at  the  bottOS), 
0.  A  «"*  Wadder  containing  the  thin  wtre  ^^re  filled  with  chaitres  of  povdcr 
SploSn'''  '''  •  from  two  to  four  pSmds,  iccord- 

ing  to  the  depth  of  the  m^\ 
thus,  two  pounds  for  four  feet,  three  pounds  for  four  feet  six  inches,  aiad 
four  pounds  for  five  feet.  Into  the  bag  were  conveyed  the  wires  of  the 
voltaic  battery,  or  Bickford's  fuse,  and  being  then  coated  with  pitch  «»i 
tallow,  and  finally  greased  all  over  and  dusted  with  whitemngi  the^ 
rarely  failed,  and  were  all  fired  simultaneously  under  water.  The  pitcfl 
and  tallow  first,  and  afterwards  the  simple  tallow,  effectmdly  excluded 
the  water  from  the  gunpowder  contained  in  the  canvas  bag. 


EigUeenli  Erperiaienf. 
The  burmng  of  various 
metals  by  the  batterf  is 
dispUjed  with  Kfo^  effect 
b;  be  U  Rue'«disch»rger, 


;   ELECTRIC    LIGHT. 


of  the  charcoal  points  pro- 
ducmg  the  elecirie  light. 
The  uluminatinfc  power 
derired  from  a  forty-cell 
GroTc's  batterj  of  the  or- 
dioary  size  ia  about  equal 
to  the  light  of  500  candles.  of*iS' , 

Fizeau  and  Foncault  iron,  l«d,  ilne,  wppw,  uitlinonj,  in  Hi  pdr  of  ciHon 
have  made  a  careful  com-  "^Z^"""  """^  on  . «n«. » » io-U oh«nJ  »i 
parison  of  the  light  ob- 
tained from  OS  carbon  conplrs  as  arraDsed  in  a  Bunsen's  batten,  and 
of  the  oiy-hydrogtn,  or  Drumnioiid  Light,  as  compared  with  tnat  of 
the  sun,  and  the;  state  that  "  On  a  dear  August  day,  irith  the  sun  tvo 
hours  high,  the  electric  light  (assuming  the  sun  as  nnity)  bore  to  it  the 
ratio  of  one  to  two  and  a  half— I'.f.,  the  sun  was  two  and  a  hnlf  times 
more  powerful,  while  the  Drnmmond  Light  was  only  jt^th  that  of  the 
sun."  Bunscn  found  the  ligbt  from  46  carbons  equal  to  57S  candles. 
In  Bunsen's  battery  carbon  is  substituted  for  the  platinum  in  Grove's 
arrangement;  and  simultaneously  with  Bunscn,  Cooper  (in  England) 
had  applied  charcoal  for  the  same  purpose. 


V%.U».    firm  Ait)ni,  *ltb  I 
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0  ELECTBO-IUfiKETISK. 


Ip  a  small  helix,  or  coil  of  oorered  vire,  is  uisnged  with  u  unmi^ 
oetiied  steel  needle  within  it,  so  that  the  dischar^  of  ■  kip  Lrjda 
jar  maj  lake  plw 
throng  the  ecu,  it< 
ueedlewin  be  M 
8troiwl7iaiciieti(i' 
ter  the  di»^Hp  i' 
the  electricity.  (Fk 
191.)  Manj  jar 
before  this  *» 
known,  it  h*d  Im> 
noticed  that  irtei" 
btraet  Ij 
the  wo- 

rerened ;  iM  in  > 
specia]  case,  wBw ' 
^p  house  was  stniii,  tl« 
^^  electricity  tnlM  i 
_2F"iM;  A^  *  «U«  hibe  wpport^  m  two  itpi'«««  f  ^^  of  b,ive^  fu-'K 
(heSik...  B.iimtu>iil^i!Sitfiu*baMr^^  so«»e.  tearag  ik 
handles  off  i*^ 
but  leaving  them  strongly  magnetic,  Electriciaos  tried  to  iep«»l  "^ 
effect  by  sending  the  discharp  of  powerful  Lejdea  batteries  tkti^ 
bars  of^  steel  witbout  any  important  result ;  and  it  was  oot  ^^ 
Oersted,  in  the  year  1819,  made  hb  imoortant  discovery  that  the  «PP« 
virc  convejing  the  electricity  posscssca  jwciiliar  magiietic  power,  ''"' 
the  principle  wp" 
-<9*  ,  ,b  y  to  be  undeistooi* 
^^r\  .itM^^  thea  the  electiimM 
succeeded  in  imiUi- 
ing  the  efftcts  « 
lij^tning  on  stM  " 
^eady  describei  n 
the  b^inning  of  "^ 
chapter.  (Fig.  I"-) 
When  theelfrtn- 
city  has  passed »"? 
from  theli^J^ 
tbrODgh  the  coil  °> 
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1HB  LOAIWTOm. 

co^r  wire,  it  no  longn'  poBsesBea  aaj  power  to  al 
or  iron,  bat  if  the  wires  of  the  voiUic  battery  are  i 
the  coil  of  copper  wire,  whioh  Bhonld  be  oovered  with  cotton  or  silk, 
and  maiij  jrords  in  length,  then  a  b&r  of  steel  or  soft  iroo  is  not  only 
rendered  magnetic,  bat  remains  pennanentlj  so,  as  long  as  the  cunent 
of  clectricitj  continues  to  past  along  the  coil  of  wire,  so  that  if  some 
nails  or  iron  filings  are  bron^t  to  the  bar  of  iron,  one  end  of  which 
projects  from  the  eoil,  thev  cimg  to  it  with  great  fon^e,  and  a  great 
nnmber  of  nails  may  be  nung  on  in  this  manner,  but  they  inune' 
diately  fall  off  when  the  contact  ia  broken  with  the  batterr.  (Fig.  SOO.) 

Electricitj  thos  becomes  a  souice  of  magnetism,  and  tne  discoTerer, 
Oersted,  found  that  only  needles  or  bars  of  steel  or  iron  were  thus 
affected,  and  not  those  of  brass,  sbell-lac,  sulphur,  and  other  substances ; 
he  termed  the  condncting  wire  "  a  conjunctive  wire,"  and  described  the 
effect  of  the  electric  current  or  "eleelrie  conjtici,"  as  he  called  it,  as 
resembling  a  Helix  (from  IXlaaa,  to  turn  round;  a  scrow  or  spiral),  and 
that  it  is  not  confined  to  the  conducting  wire,  but  radiates  an  influence 
at  some  distance.  This  latter  statement  is  eiactly  in  accordance  with 
our  present  notions,  and  hence  the  coil  couveting  the  cnrrent  is  said  to 
induce  magnetism  in  the  iron  or  steel,  just  as  the  phenomena  of  induction 
are  produced  with  frictional  electricity.  The  effect  of  Oersted's  disco- 
verr,  says  Silliman,  was  truly  eUetrie;  the  scientific  world  was  ripe 
for  it,  and  the  truth  he  thus  struck  out  was  instantly  seized  upon  by 
Arago,  Ampere,  Davy,  FaradaT,  and  a  crowd  of  philosophers  in  all  coun- 
tries. The  activity  with  whicn  this  new  field  of  research  has  been  cul- 
tivated, has  never  relaxed  even  to  this  hour,  while  it  has  home  fruit  in 
a  multitude  of  theoretical  and  practical  truths,  and  above  all,  in  the 
electro- magnetic  telegraph,  trul^  called,  and  especially  in  connexion 
with  the  Atlantic  telegraph  wiie,  "  ih«  great  inignalional  xervt  if 
teiualiiM." 

Magnetism  is  not  onlv  the  result  of  a  current  of  electricity  through 
anjr  good  conductor,  but  there  are  certain 
oxides  of  iron,  called  magnetic  iron  ores, 
which  have  the  property  of  attracting  iron  | 
filings,  and  are  mostly  found  in  primitive 
rocks,  being  abundant  at  Roslagen,  in 
Sweden,  and  called  the  loadstone,  ftoia  its 
always  pointing,  when  freely  suspended,  to 
the  Polar,  North,  or  Load  Star.  If  a  tole- 
rably large  specimen  of  this  mineral  is  exa- 
mined, there  will  be  found  usually  two  points 
where  the  iron  S]ings  are  attracted  in  larger 
qnantitiei  than  in  other  parts  of  the  aame 
specimen.  These  attractive  points  are  called 
poles,    and    the    loadstone     being    prooerlv 

mounted  with  soft  iron  bars,  termed  ch , . 

bound  round  it  (in  old-fashioned  loadstones)  JJ^J^  '"rS'wt  * 
with  silver  plate  and  duly  ornamented  with   iim  coik/ih  "' 
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engTBTing,  has  its  magnetic  power  greatly  increased,  and  is  then  said  ic 
be  endowed  with  magnetic  polarity;  and  to  prevent  the  loss  of  pomtr, « 
soft  piece  of  iron,  odled  the  armature,  is  placed  across  and  attradd 
to  the  poles  of  the  loadstone.  (Fig.  201.) 

Second  Experiment. 

If  a  needle  of  tempered  steel  (fitted  with  a  little  brass  cup  in  the 
centre  to  work  upon  a  point)  is  rubbed  with  the  loadstone  in  one  direc- 
tion only,  it  is  rendered  permanently  magnetic,  and  will  now  be  foo^ 
to  take  a  certain  fixed  position,  pointing  always  in  a  direction  doe  north 
and  south.  The  end  which  points  towards  the  north  is  called  the  norrh 
pole,  and  the  other  extremity  the  south  pole,  and  it  is  usual  to  mazi 
the  north  pole  with  an  indent  or  scratch  u>  distinguish  it  at  all  times. 

TAird  Experiment. 

If  another  bar  of  steel  is  magnetized,  and  the  north  pole  duly  ma^ed, 
and  then  brought  towards  the  same  pole  of  the  suspended  niag;net,  in- 
stant repulsion  takes 
*  place;  the  magnet,  d 

course,  grasped  a 
the  hand  is  not  free 
to  move,  but  the 
small  magnet  imim> 
diately  snows  the 
same  fact  noticed 
with  electricity,  m. 
Fig.  203.  k  BUffnetio  needle,  the  north  poie  a  being  at-  "ikat  tmilar  wutCBe- 

tneted  to  the  eonth  pole  of  the  t»r  magnet  a,  and  repelled  nrom  . .  t**     it'  ^ 

the  north  end.  *««»"     '■'^*-       ^*0 

n  »i  th  poles  repel  each 

other,  but  when  the  bar  of  steel  is  reversed,  the  opposite  effect  occurs, 
and  the  suspended  magnet  is  attracted,  showing  that  dissimHar  me^ 
netiimt  attract^  and  a  north  will  attract  a  south  pme.  (Fig.  202.) 

Fourth  Experiment. 

By  contact,  the  magnetic  power  is  transferred  from  the  magnet  to  s 

piece  of  unmagnetixed 
steel,  and  it  is  stateo 
that  the  highest  magnet 
izing  effect  is  that  pro- 
duced b?  the  simple  me- 
thod of  Jacobi.  A  horse- 
shoe magnet  has  its  poles 
brought  in  contact  vitb 
the  intended  poles  of  an- 

Flg.  203.    The  hone-shoe  mameL  and  another  one  other  bar  of  stcel,  likc- 

munagnetiaod,  i^aced  end  to  end;  the  one  shaded  and  ^g^  bent  m   the   fona 

tottered  v  and  a  is  the  magnet,    a  a.  The  picw  of  soft  ^       horseshoe  and  bf 

Iron  moved  In  the  direcaon  of  the  arrow.  01  a  UOl^esuo^  umiu  u>j 
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klnwiag  the  feeder  over  the  unmagnetiKedlione-shoe  in  tlie  direction  of 
the  arrow  in  the  cut,  and  when  it  reaches  the  curre,  briogiag  it  back 
uain  to  the  same  place,  sa;  at  least  twelve  times,  and  after  tarning 
toe  whole  over  without  separating  the  poles,  and  repeating  the  same 
operation  on  the  other  side  likewise  twelve  times,  the  steel  a  then 
pcwerinlly  magnetized;  and  it  is  said  that  a  horse-sboc  of  one  pound 
wci^jht  maj  be  thus  cWced  so  as  to  sustain  twentj-slx  and  a  half 
pounds,  tud  that  by  the  old  method  of  magnetiEing  it  would  onl;  have 
sustained  about  tweotj-two  pounds.  (Fig.  SOS,) 

JKJIi  Sxperimeui. 

If  the  horse-shoe  magnet  is  placed  on  a  sheet  of  paper,  and  some  ii 
filings  are  dusted  between  the      ' 
formed,  called  the  magnetic  c 


filings  are  dusted  between  the  poles,  a  verj  beautiful  nEum  v>  <.uitesiuii 
formed,  called  the  magnetic  curves,  which  indicate  the  constant  passage 
of  the  magnetic  power  from  pole  to  pole. 


Sitik  Eiperimtnl. 


The  magnetic  force 
eierted  bj  a  horse- 
shoe-shaped piece  of 
soft  iron,  surrounded 
with  many  strands  of 
covered  copper  wire 
in  short  lengths,  is 
extremely  poweiful 
(Fig.  204),  and  cnor- 
moQS  weights  have 
been  supported  by  an 
electro-magnet  when 
connected  with  a  toI- 
laic  battery.  Sup- 
posing a  man  were 
dressed  in  complete 
armour,  he  miijht  bo 
held  bj  an  electro- 
magnet, without  the 
[lower  of  disengaging 
limself,  thus  realiz- 
ing the  fairy  slorr  of 
the  bold  knight  who 
was  cancht  by  a  rock 
of  loadstone,  and, 
in  full  armour,  de- 
tained by  the  un- 
friendly magician. 


822  bot's  playbook  of  soievce. 

SeveMli  ExperimttU. 

When  s  piece  of  soft  iron  ia  held  BvfGcieiillj  near  one  of  the  p<^ 
of  a  powertnl  ma^et,  it  becomes  bj  indnclian  endoved  nith  magnetk 
poles,  and  will  support  another  bit  of  soft  iroD,  such  as  a  nail,  broo^ 
m  contact  with  it.  When  the  magnet  is  remOTed,  the  indnctiTc  actva 
ceases,  and  the  soft  iron  loses  its  ma^etic  power.  This  esperimotl 
affords  another  example  of  the  connexion  between  the  phenomena  d 
electricitj  and  roagoetism.  It  ia  in  consequence  ot  the  indactire  acUn 
of  the  magnetism  of  the  earth  that  all  masses  of  iron,  eapedaHi 
when  thej  are  perpendiciilaT,  are  found  to  be  endowed  irith  magnetie 
pohurity ;  hence  the  reaction  of  the  iron  in  ships  upon  the  oompasc 
which  have  to  he  corrected  and  adjusted  before  a  Tojage,  or  ebeeainu 
errors  in  steering  the  vessel  would  occur,  and  there  is  no  donbt  that  n*ss 
shipnrecks  are  due  to  this  cause.  No  other  metals  beaide  inm,  stea, 
nickel,  cobalt,  and  possiblj  manganeae,  can  receive  or  retain  magiKliai 
after  contact  with  a  magnet. 

The  remarkable  ef  ect  of  magnetism  upon  all  matter,  so  sblj  inresti- 
cated  bj  Farada;  and  others,  will  be  eipkined  in  another  part  of  Ub 
Book — Tiz.,  in  the  article  on  Dia-Uagnetism. 


l«dilon»wk.— Vidi  Afri  3V(. 
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KLBCTSO-HAOmSTIC  HaCEIKBS. 


Tub  czi)eriments  already  described  in  illustration  of  some  of  the  phe- 
nomena of  electro-magnetism  are  of  such  a  simple  nature  that  they 
may  be  comprehended  without  difficulty ;  but  it  is  not  such  an  easy 
tasK  to  appreciate  the  curious  fact  of  an  invisible  power  producing 
motion.  It  has  already  been  explained  that  a  copper  or  other  metallic 
wire  conveyins  a  current  of  electricity  becomes  for  the  time  endowed 
with  a  masmctic  power,  and  if  held  jr . 


i 


I   k 


above,  or  below,  or  close  to,  a  sus 
pended  magnetized  steel  needle, 
affects  it  in  a  very  marked  degree, 
causing  it  to  move  to  the  right  or 
left,  according  to  the  directum  of 
the  electric  current ;  and  in  order 
to  form  some  notion  of  the  con- 
dition of  a  metallic  wire  whilst  the 

electricity  is  passing  through  it,  yj^  j^^^  Portion  of  a  Bquaw  ooTOer  eon- 
the  annexed  diagrams  may  Be  re-  duetor,  in  which  a  b  repreMnts  tho  direction 
far*«/^  f />    /T?;^-   OHA   Of\tr  \  of  the  electricity,  and  the  ■mall  arrows,  c  c  o  c. 

ferxed  to.  (Figs.  206,  207.)  the  mi^c  cSrent  or  whiri  at  right  angles 

Dr.  Boget  says :  "  The  magnetic  to  the  electrical  current,  and  ezerdaing  a 
force  which  emanates  from  the  elec-  tangential  action, 
trical  conducting  wire  is  entirely 
different  in  its  mode  of  operation 
from  all  o^her  forces  in  nature  with 
which  we  are  acquainted.  It  does 
not  act  in  a  direction  parallel  to 
that  of  the  current  whidi  is  pass 


Fiff.  207.    A  round  conducting  wire,  in 
whicn  the  electrical  current  is  flowing  in  the 

small 
o 
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ing  along  the  wire,  nor  in  anv  plane  dlrectloii  of  the  lar«  dart  a  b,  and  the  smsl 
™.^«  "8  ""^  ""'o  *«"."*  *VJ  i/xouo  ^^^^  Indicate  the  direction  of  the  magoeUi 
passing  through  that  direction.  It  foroe. 
is  evidently  exerted  in  a  plane  per- 
pendicular to  the  wire,  but  still  it  has  no  tendency  to  move  the  poles  of 
the  magnet  in  a  right  or  radial  line,  either  directly  towards,  or  directly 
from,  the  wire,  as  in  every  other  case  of  attractive  or  repulsive  agency. 
The  peculiarity  of  its  action  is  that  it  produces  motion  in  a  circular 
direction  all  round  the  wire — that  is,  in  a  direction  at  right  angles  to 
the  radius,  or  in  the  direction  of  the  tangent  to*  a  circle  described  round 
the  wire  in  a  plane  perpendicuhu'  to  it ;  hence  the  electro-magnetic  force 
exerts  a  tangential  action,  or  that  which  Dr.  Wollaston  called  a  vertigi- 
nous or  whining  motion. 


224 


BOY*S  PLATBOOK  OF  SCIENCE. 


Dr.  Faraday  concluded  that  there  is  no  real  attraction  Ofr  r^nkka 
between  the  wire  and  either  pole  of  a  magnet,  the  action  which  imitates 
these  effects  being  of  a  compound  nature ;  and  he  also  inferred  that  the 
wire  ought  to  revolve  round  a  magnetic  pole  of  a  bar  magnet,  and  a 

magnetic  pole  round  a  wire, 
if  proper  means  oould  be  de- 
vised for  giving  effect  to 
these  tendencies,  and  for 
isolating  the  operations  of  c 
single  pole.  For  the  fiint 
idea  of  electro>magnetic  ro- 
tation the  world  is  indebted  to 
Dr.Wollaston;  bat  Dr.  Fara- 
day, witii  his  usaal  ingenuitr, 
was  the  first  who  carried  cmX 
the  theory  practicallj.  The 
rotation  of  a  wire  (oonTeriaf 
a  current  of  voltaic  elcftn- 
city)  round  one  of  the  poks 
of  a  magnet  is  well  dispiaved 
with  the  simple  contnTanee 
devised  by  him.  (Pig.  2(Ki.) 
By  a  cueful  observaticHi  of 
the  complex  action  of  an 
electrifiea  wire  ^'ipon  &  mag- 
netic needle.  Dr.  f*araday  was 
enabled  to  analyse  the  phe- 

Fi  2Qa  A  11  hu-  fit  ftAd  Into  ^^™®^^  ^^  ^  usoal  jjeoc- 
a  w£'eKiM^,  'lie  SSrth  poi6°bEg  2*T  ▲  is  a  tration  and  exhaustive  abiiitT. 

rooTeable  wire  looped  over  ttie  hook,  which  is  the  and    he    found,     as    DanieC 

positive  ( +)  pole  of  the  batteiy ;  the  free  eztremitj  relates  — 

rotates  roand  the  pole  of  the  magnet  when  the  cur-  '^^"^*^^» 

rent  of  electrldty  passes.    The  dotted  line  repre-  „  -,. ,.  .,  ,.       .    .  i^   ,      .     . 

sents  the  level  of  the  mercurr  which  the  glass  eon-  ,   T?**  "  "»•  «•<«»«  wm  is 

tains.    The  electricity  passes  in  at  a.  and  out  at  P^f®**  *P  f  perpendioto  pootn. 

the  wire  B.  as  shown  by  the  arrows,    c  is  connected  and  made  to  approodi  towarfa  oee 

with  the  negative,  and  s  with  the  positive,  pole  of  V^^,^^  the  needle,  the  pole  mil  9A 

one  side  in  a  directfam  depcndost 
upon  the  attractive  or  repnlrive  power  of  the  pole ;  bat  if  the  wire  be  oontiBnally  maie  ts 


approach  the  centre  of  motion  bv  either  the  one  or  the  other  side  of  the  needle;  tbt  tn»- 
deney  to  move  in  the  former  direction  will  first  diminish^  then  become  noU,  sod  tt6- 
roatcly  the  motion  will  be  reversed,  and  the  needle  will  pnncipall^  oudeavwir  to  jmm  m 
the  opposite  direction.    The  opposite  extremity  of  the  needle  will  present  dmiliir  pb*> 


iiomena  in  the  opposite  direction ;  hence  Dr.  Faraday  drew  the  eonclnsion  that  tbe  dtm> 
tion  of  the  forces  was  tangential  to  the  circumference  of  the  wire,  that  tbe  pole  of  the 
needle  is  drawn  by  one  force,  not  in  the  direction  of  a  radios  to  its  oratre,  bot  in  that  ef 
a  line  touching  its  dr^mnference,  and  that  it  is  repelled  by  the  other  ibrce  in  tbe  oppoulc 
direction.  In  this  manner  the  northern  force  acted  all  round  the  wire  in  one  dIractioB, 
and  the  southern  in  the  opposite  one.  Each  pole  of  the  needle^  in  short,  nipesred  to  hare 
a  tendeuCT  to  revolve  round  the  wire  hi  a  direction  opposite  tu  the  other,  waai,  eoi»e> 
qoently,  tne  wire  round  the  poles.  Each  pole  has  the  power  of  acting  upon  tbe  wire  hf 
itseU;  and  not  as  connected  with  the  opposite  pole,  and  ike  oppareni  attrmeti^ma  aek 
repuUuna  are  merely  cjihilUiont  of  the  rewlnmg  moUom  In  oiflbrent  parta  oif  tbdr 
eirolee." 
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The  same  fact  il- 
lustrated at  Fig.  203, 
is  also  demonstrated  iu 
a  still  more  striking 
manner  by  means  of 
wire  bent  into  a 
rectangular  form,  and 
so  arranged  that  whilst 
the  current  of  electri- 
city passes,  it  is  free 
to  move  in  a  circle ; 
and  when  the  poles  of 
a  magnet  are  brought 
towards  the  electrified 
wire,  it  may  be  at- 
tracted or  repelled  at 
pleasure,  ana  in  fact 


Fig.  209.   AAA  A.  The  re^ffolar  wire  oovend  with  dlk    pecomes    a   magnetic 


and  Twnished,  one  end  of  iitfkhl>eing  pointed,  rests  on  the   indicator,  and  places 
sup  »,  connected  with  a  covered  wire  pssiing  down  the    u„^}e  /:r  ,^^^f„}fi  „„« 
centre  of  the  brass  snpport  to  the  binding  screw  o  let  into    "^^f?  V"  CareiUUy  SUS- 


Uttle  cnp  X,  connected  with  a  covered 

centre  of  the  brass  support  to  the  bin^ b ^ «  j.        •  i     -     i 

btorj,   n.  The  other  octremitj  of  the  reotanvular  wire ;  this   pended)  at  right  angles 

SS2.?IT?k uHlSi^^nirfn?  ^0  t*ie  magnetic  meri- 

the  end  b,  bat  is  likewise  pointed,  and  dips  Into  the  mercory    ■%»        ri7*      or\a  \ 

contained  in  the  large  cap  x  a.    The  upper  and  lower  cons  CUan.  (Jllg.  z\)\f.) 
do  not  touch,  and  are  separated  by  ivonr,  marked  by  tne       Thcsc  Curious  move- 

ahaded  portion,  and  the  cap  x  x  is  in  metalno  oommunication  ^^«4.„  ^t  .  .».,»^4^:..^J 

with  the  brass  pillar,  and  is  connected  with  the  nentive  pole  mcnts  Of  a  magnetized 

of  the  battery  at  v,  whilst  o  is  connected  with  the  poeitiYe  needle,  and  rotations 

pole  of  the  battery,  and  the  electricity  circulates  round  the  nf  wirA«  nnA  mofmof  a 

wireinthedlzwTtionofthearrows.  When  a  bar  magnet,  x,  is  ?*  ^"^  *J^  mametS, 

brought  towards  the  wire,  the  latter  is  immediately  set  in  brought  abOUt  by  the 

motion,  and  hr  alternately  presenting  the  opposite  poles  of  acrency    of  an    active 

the  magnet,  t&e  rectanguhir  wire  rotates  tfeely  round  the  ^^^^  ^^  electricity, 

have  induced  Sir  David 
Brewster  to  advance  his  admirable  theory,  which  supposes  the  affection 
of  the  mariner's  compass  needle,  and  all  other  suspended  pieces  of 
steel,  to  be  due  to  the  agency  of  electrical  currents  continually  eireu' 
lating  around  the  g^lobe;  and  Mr.  Barlow  contrived  the  following  expe- 
riment in  illustration  of  Brewster^s  theoiy.  A  wooden  globe,  sixteen 
inches  in  diameter,  was  made  hollow,  for  the  purpose  of  reducing  its 
weight,  and  while  still  in  the  lathe,  grooves  one-eighth  of  an  inch  deep 
and  oroad  were  cut  to  represent  an  equator,  and  parallels  of  latitude 
at  every  four  and  a  Iialf  degrees  each  way  from  the  equator  to  the  poles. 
A  groove  of  double  depth  was  idso  cut  like  a  meridian  from  pole  to  pole, 
but  only  half  round.  The  grooves  were  cut  to  receive  the  copper  wire 
coverea  with  silk,  and  the  laying  on  was  commenced  by  taking  the 
middle  of  a  length  of  ninety  feet  of  wire  one-sixteenth  ot  an  inch  in 
diameter,  which  was  applied  to  the  equatorial  groove  so  as  to  meet  in  the 
transverse  meridian ;  it  was  then  made  to  pass  round  this  parallel,  r^ 
turned a^;ain  along  the  meridian  to  the  next  paMlel,  and  then  passedromid 
this  again,  and  so  on,  till  the  wire  was  thus  led  in  continuation  from  pol« 
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to  pole.  The  length  of  wire  still  remaining  at  each  pole  vas  letnniHi 
from  each  pole  alonji^  the  meridian  groove  to  the  equator,  and  at  this 
point,  each  wire  beinff  &stened  down  with  small  staples,  the  wires  insoL 
the  remaining  five  Ket  were  bound  together  near  their  oomiDon  a- 
tremity,  when  they  opened  to  form  separate  connexions  for  the  poles  of 
a  voltaic  batterj.  When  the  battery  was  connected,  and  ouignetie 
needles  placed  in  different  nositions,  the^  behaved  precisely  u  tbej 
would  do  on  the  surface  of  tne  earth,  the  induction  set  up  bv  the  dec 
trified  wire  being  a  perfect  imitation  of  that  which  exists  on  the  globe. 

The  opposite  effect  to  tkt 


already  dfescribed— ?iz^  ti^ 
rotation  of  one  pole  of  a 
magnet  round  the  dectii 
fied  wire,  was  also  ama^ 
by  Faraday  in  the  foUovisg 
manner.  (Tig.  210.) 

In  the  examination  of  Ik 
magnetic  phenomena  ob- 
tained from  wires  trais- 
mitting  a  current  of  eke- 
tricitj,  it  should  be  bone 
in  mmd  tliat  anv  condu^ 
medium  which  forms  part  d 
a  closed  circuit— i.f.|  seJ 
conductor,  such  as  diarooaL 
saline  fluids,  addulasci 
water,  which  form  a  lio^ 
in  the  endless  diain  R- 
quired  for  the  path  of  tb^ 
electricity, — ^will  canse  i 
magnetic  needle  placed  d^' 
it  to  deviate  from  its  naii- 
ralposition. 

These   positions  of  tlie 
wire    and  ^ 


Fig.  210.   V  a.  A  little  magnet  floating  in  mercmy 
contained  in  the  glass  ▲  A;  the  north  poM  is  sUowed 


to  float  above  the  surftoe  of  the  qnicktilver,  and  the 
•oath  pole  is  attached  to  the  wire  passing  through 
the  bottom  of  the  glass  TesseL    The  electricity  posses    electrified 


In  at  B.  and  taking  the  oonrse  indicated  by  the  arrows  yniumt»±\o     tiaaHIa     are   d 

travels  through  the  glass  of  qaicksUYer  to  the  other  magoeUC     neeOie     MB   « 

pole  of  the  battery  at  o.    IMrectly  contact  is  made  COUrse     almost     unlioineui 

with  the  battery,  the  little  magnet  rotates  round  the  ^nA  in  order  to  assist  tbe 

electrified  wire/w.    The  dottcJWe  shows  the  level  of  !r^!»L  I?f  K  ^,^/»  ik 

the  mercory  in  glass.  memory  witli  respect  v>isf 

fixed  laws  that  govern  tks^ 

relative  movements,  Monsieur  Ampere  has  suggested  a  most  useful 

mechanical  aid,  and  he  says : — **  Let  the  observer  regard  himself  as  ihe 

conductor,  and  suppose  a  positive  electric  current  to  pass  from  his  hesd 

towards  Ins  feet,  m  a  direction  parallel  to  a  magnet ;  then  its  noitii 

pole  in  front  of  him  will  move  to  his  right  side,  and  its  south  ipok  to 

nis  left. 

"The  plane  in  which  the  magnet  moves  is  always  parallel  to  the  p»K 

in  which  the  observer  supposesnimself  to  be  placed.   If  the  plane  il^ 
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chest  ia  horizontal,  tbe  plane  of  the  mf^nel'a  motkiii  will  be  horizont^ 
bnt  if  be  lie  on  either  side  of  tbe  horizonUllj-snspended  magnet,  hia 
face  being  towards  it,  the  plane  of  his  chest  will  h«  verticul,  and  the 
munet  1^  tend  to  move  ia  a  vertical  plane." 

This  Terj  lucid  comparison  will  be  seen  to  apply  peifeotl;  to  tbs 
diiectiou  of  tbe  rotations  in  Fi^.  208  and  210. 

The  whole  of  this  apparatus  is 
made  in  the  most  elegant  and 
finished  manner  hj  Messrs.  Elliott, 
of  30,  Stnnd:  and  b;  a  modi- 
fication of  the  latter  arrangement 
(Fig.  806),  tbe  opposite  rotations 
of  the  opposite  poles  of  tbe  mag- 
nets roiud  tbe  electrified  wire,  are 
shown  in  tbe  moat  instructive 
manner.  The  apparatus  (Fig. 
ill)  was  devised  bj  the  late  ib. 
Fiaueis  Watkius,  and  consists  ot 
two  flat  bar  magnets  doublj  bent 
in  the  middle,  and  having  agate 
cups  fixed  at  the  under  part  of 
the  bead  (bj  which  thej  are  sup- 
ported) upon  npright  pointed 
wires,  the  latter  being  fixed 
npright  on  tbe  wooden  oase  of 
tbe  appomtaa,  and  the  magnets 
torn  round  them  as  upon  an  axis. 

Two  circular  boxwood  cisterns, 
to  contun  qniclcstlver,  are  sup- 
ported upon  the  sti^  or  ahelf 
above  the  base.  A  bent  pointed  wire  is  directed  mto  the  cup  of  eacL 
magnet,  the  ends  of  which  dip  mto  the  mercurv  contained  in  the  box- 
wood circular  troughs  on  the  stage.  Bj  using  abatter;  to  each  magnet, 
and  taking  care  that  tbe  currents  of  etectricitj  How  preciselj  alike,  they 
will  then  rotate  in  0|iposite  directions. 

Directly  after  the  ingenious  experiments  of  Faraday  became  known,  a 
great  number  of  electro- magnetic  engine  models  were  constructed,  and 
niany  thought  that  the  time  was  fast  approaching  when  steam  would 
be  sopeiseded  by  electricity ;  and  really,  to  see  the  pretty  elcctro- 
mognettc  models  work  with  such  amazing  rapidity,  it  might  be  suppmed 
that  if  they  were  constructed  on  slarrer  scale,  a  great  amount  of  bard  work 
could  be  ootained  from  tbem.  This  loea,  however,  has  been  proved  to  be  a 
fallacy,  for  reosoits  that  will  be  prcsentW  explained.  Thefignreonp.  216 
displays  two  of  these  engines,  oue  of  wlucb  represents  the  rotation 
of  electro-magnets  within  loatfixed  tUel  magiuii,  and  the  other  the 
rotation  of  steel  magnets  by  the^erf  eUelro-magneU.  The  latter 
(No.  9)  moves  with  such  great  velocity,  that  unless  tlie  strength  of  the 
batteij  is  carefullyadjtuted,  the  connexions  are  soon  destroyed,  p'ig.  819.) 
<12 
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Couideriu^  tlis  prodigiooa  power  or  pull  of  a  soft-iron  electro- 
magnet,  and  its  capability  of  supportinK  oonsiderable  weight,  the  mart 
reasonable  expectations  of  success  mignt  be  entertained  with  madiii^ 
actiog  hj  the  direct  pull.  It  wu,  howcrer,  discovered  that  thej  toon 
became  meffideot,  from  the  eircumstnoe  that  the  repeated  blows  re- 
ceived bj  the  iron  so  altered  its  character,  that  it  erentaallj'  usmiwd 
the  qoahtj  of  steel,  and  had  a  tendeocr  to  retain  a  certaia  amount  <J 
permanent  magnetism,  and  thus  to  intertere  with  the  principle  of  makiiK 
and  nnnrfcitig  n  maguct.  It  was  this  fact  that  induced  Fnuessor  Jacob, 
of  Bt.  Feteraburg,  after  a  large  eipenditnre  of  monej,  to  abandon 
arrangements  of  uiis  kind,  and  to  employ  such  as  would  at  ooee  pnidnee 
a  rotatory  motion.  The  engiiie  thus  arranged  was  tried  upon  a  tolenbly 
large  scale  on  the  Neva,  and  by  it  a  boat  containing  ten  or  twelve 
people  WAS  propelled  at  the  rate  of  three  miles  an  hour. 

Various  engines  have  been  coostmcted  bv  Walkins,  Botta,  Jaeobi. 
Armstrong,  Fage,  HJorth ;  the  engine  made  b;  the  latter  (Hjorth)  ex- 
cited much  attention  in  1861-52,  and  consisted  of  an  electro-n>agnrtie 
piston  drawn  within  or  repelled  from  an  electro-magnetic  cylinder;  and 
ay  this  motion  it  was  thought  that  a  much  greater  length  of  stroke 
could  be  secured  than  by  the  ravolving  wheels  or  discs,  but  the  lots  of 
power  (not  only  in  this  engine,  but  m  others)  tbrougli  space  ii  ran 
great,  and  the  lifting  power  of  any  cnaKnet  is  gre^y  rnjuoed  uu 
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altered  at  the  smallest  possible  distance  from  its  poles.  This  loss  of 
.power  is  therefore  a  great  obstacle  in  the  way  of  tne  useful  application 
of  electro-magnetic  &rce,  and  can  be  appreciated  even  with  the  little 
models,  dl  of  which  may  be  stopped  with  the  slightest  friction,  although 
thej  may  be  moving  at  the  time  with  great  Telocity. 

In  the  second  place,  supposing  the  reduced  force  exerted  by  the  two 
magnets,  a  few  lines  apart,  was  considered  available  for  driving 
machinery,  the  moment  the  magnets  begin  to  move  in  front  of  one 
another  there  is  again  a  great  loss  of  power,  and  as  the  sneed  increases, 
there  is  curiously  a  corresponding  diminution  of  available  mechanical 
power,  a  falling-off  in  the  duty  of  the  engine  as  the  rotations  become 
more  rapid.  In  the  third  place,  the  cost  ot  the  voltaic  battery,  as  com- 
pared with  the  consumption  of  coal  in  the  steam-eng[ine,  is  veiy  startling, 
and  extremely  unfavourable  to  electro-magnetic  engines. 

Mr.  J.  P.  Joule  found  that  the  economical  duty  of  an  electro-magnetic 
engine  at  a  given  velocity  and  for  a  given  resistance  of  the  battery  is 
proportioned  to  the  mean  intensitv  of  the  several  pairs  of  the  battery, 
with  his  apparatus,  every  pound  of  zinc  consumed  in  a  Grove's  battery 
produced  a  mechanical  force  (friction  included")  equal  to  raise  a  weight 
of  331,400  pounds  to  the  height  of  one  foot,  wnen  the  revolyinff  magnets 
were  moving  at  the  velocity  of  eight  feet  per  second.  Now,  the  duiy  of 
the  best  Coniish  steam-enJB;ine  is  about  one  million  five  hundred  thousand 
pounds  raised  to  the  height  of  one  foot  by  the  combustion  of  each  pound 
of  coid,  or  nearly  five  times  the  extreme  duty  that  could  be  obtained 
from  an  electro-magnetic  engine  by  the  consumption  of  one  pound  of 
zinc.  This  comparison  is  therefore  so  very  unfavourable,  that  the  idea 
of  a  successful  application  of  electricity  as  an  economic  source  of  power, 
is  almost,  if  not  entirely  abandoned. 

By  instituting  a  comparison  between  the  different  means  of  producing 
power,  it  has  been  shown  that  for  every  shilling  expended  there  might  be 
raised  by 

Poondi. 

Manual  power .    .    .  600,000  one  foot  high  in  a  day. 

Horse 3,600,000           „           „ 

Steam 66,000,000           „           „ 

Electro-magnetism    .  900,000 


»9  M 


A  powerful  magnet  has  been  compared  to  a  steam-engine  with  an 
enormous  piston  but  with  an  exceedingly  short  stroke.  Although 
motive  power  cannot  be  produced  from  electricity  and  applied  success- 
fullv  to  commercial  purposes,  like  the  steam-engine,  yet  the  achievements 
of  the  electric  teleerapn  as  an  application  of  a  small  motive  power  must 
not  be  lost  sight  of,  whilst  the  tall  of  the  ball  at  Deal  and  other  pkoes, 
bv  which  the  chronometers  of  the  mercantile  navy  are  r^;ulated,  as  also 
tne  means  of  regulatinff  the  time  at  the  General  Post  Office  and  various 
railway  stations,  are  bB  useful  applications  of  the  power  which  fails  to 
compete  in  other  ways  with  steam. 


2sa 


CHAPTER  XVIL 


THX  ELECTBIC  TELEOBAPH. 


The  engineering  and  philosophical  details  of  this  important  instrumoii 
have  prowa.  to  such  formidable  dimensions,  that  any  attempt  (short  of 
deTotm^  the  whole  of  these  piwes  to  the  subject)  to  gire  a  full  acoomt 
of  the  history  and  application  of  the  instrument,  tne  fauures  and  sttocesss 
of  noTcl  inventions,  and  the  continued  onward  progress  of  this  mode 
of  communication,  must  be  regarded  as  simply  impossible,  amd  then* 
fore  a  very  brief  account  of  the  prittciple  only  will  be  attempted  in  thse 
pagfs. 

Por  the  complete  history  of  the  discovery  and  introduction  m  ue 
principle  of  the  Electric  Telegraph  the  reader  b  referred  to  the  Sodetj 
of  Arts  Journal  (Nos.  34:8-9,  vol.  viii.),  where  it  is  stated  that  it  is  H 
a  centufy,  datinff  from  August,  1859,  since  the  first  galvanic  telegn^ 
was  made,  "u  was  the  Russian  Baron  Schilling's  electro-muisetic 
telegraph  which,  without  its  being  known  to  be  nis,  was  brought  to 
London,  and  caused  the  establishment  of  the  first  practical]?  usefol 
telegraph  lines,  not  only  in  Great  Britain,  but  iu  the  world.''  ^ 
Hamel  says :  "  The  small  sprout  nursed  on  the  Neva,  which  had  been 
exhibited  on  the  Rhine,  and  thence  brought  to  the  Thames,  grev  ]bp 
here  to  a  mighty  tree,  the  fniit-laden  branches  of  which,  along  vith 
those  from  treesgrowu  up  since,  extend  more  and  more  over  the  kui^ 
and  seas  of  the  Intern  hemisphere,  whilst  kindred  trees  planted  in  the 
Western  hemisphere  have  covered  that  part  of  the  world  with  their 
branches,  some  of  which  will,  ere  long,  be  interwoven  with  those  in  oar 
hemisphere." 

The  first  telegraph  line  in  England  was  constructed  by  Mr.  Cooke 
from  Faddington  along  the  Great  Western  Railroad  to  West  Drajtoo 
in  1838-39 ;  and  it  must  be  remembered  that  it  was  in  February,  1S37. 
that  Mr.  Cooke  first  consulted  Professor  Charles  Wheatstone,  haw 
nreviously  visited  Dr.  Faraday  and  Dr.  Roget,  and  on  the  19w 
November,  1837,  a  partnership  contract  was  concluded  between  Messrs. 
Cooke  and  Wheatstone. 

To  the  distinguished  philosopher.  Professor  Wheatstone,  the  merit  of 
the  ingenious  construction  of  the  vertical-needle  telegraph  is  due; 
whilst  Mr.  Cooke's  name  will  always  be  associated  with  the  practical 
establishment  of  the  first  telegraph  lines  in  England.  The  first  line  in 
the  United  States,  from  Washington  to  Baltimore,  was  completed  in 
1844,  being  arranged  and  worked  by  Professor  Morse. 

In  British  IncBa,  in  April  and  May,  1839,  the  first  long  line  ot 
telegraph,  twenty-one  miles  in  length,  and  embracing  7000  feet  of 
river  surface,  was  constructed  by  Dr.  (now  Sir  William)  CyShangfaafi«y 
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The  oonsiruction  of  the  electric  telegraph  may  be  considered  under 
three  heads : 
1st.  The  Battery,  the  motive  power, 
2nd.  The  Wires,  the  earriert  of  the  force, 
3rd.  The  Instruments  to  be  workea— /ib  bell  and  the  needle  telegraph. 

THE  BATTEBY. 

The  construction  and  rationale  of  the  batteries  generallj  in  use  have 
been  explained  in  another  part  of  this  work ;  those  used  for  telegraphic 
purposes  consist  of  one  or  more  couples,  of  which  zinc  is  one,  the  second 
being  copper,  silver,  platinum,  or  carbon.  Each  couple  iJ  termed  an 
element,  and  a  series  of  such  couples  a  battery. 

The  batteries  employed  chiefly  on  the  English  lines  consist  of  a  plate 
of  cast-zinc  four  inches  square  and  Aths  of  an  inch  thick,  attached  by  a 
copper  strap  one  inch  broad  to  a  tnm  copper  plate  four  inches  square. 
Tlie  zinc  is  well  amalgamated  with  mercury.  Twelve  of  these  couples 
are  arranged  in  a  trough  of  wood,  porcelain,  or  ffuttarpercha,  divided  by 
partitions  into  twelve  water-tight  ceUs,  \\  inch  wide.  The  zinc  and 
copper  preserve  the  same  order  and  direction  throughout,  and  wlien 
arrangea,  the  trough  is  filled  with  the  finest  white  sand,  and  tiien 
moistened  with  water  previously  mixed  with  five  per  cent.,  by  measure  of 
pure  sulphuric  acid.  This  moae  of  applying  the  acid  is  the  clever  prac- 
tical improvement  of  Mr.  Cooke,  and  prevents  any  inconvenience  from 
the  spilling  of  the  acid,  and  at  tiie  same  time  renders  the  battery  quite 
portable.  The  voltaic  arrangement  thus  prepared  is  found  to  remain 
in  action  for  several  weeks,  or  even  months,  with  the  occasional  addition 
of  small  quantities  of  acid,  and  answers  well  for  working  needle  tele- 
graphs in  fine  and  dry  weather.  In  fogs  and  rains,  at  distances  ex- 
ceeding 200  miles  at  most,  their  action  is  not  so  perfect,  and  a  vast 
number  of  couples  must  be  ei^loyed,  144  to  288  being  frequently  in 
use.  In  Trance,  Prussia,  and  America,  sand  batteries  do  not  appear  to 
answer,  and  Darnell's  arrangement  is  preferred.  Sixty  couples  suffice  in 
France  for  some  of  the  long  lines — ^viz.,  from  Paris  to  Bordeaux,  284 
miles ;  Paris  to  Brusseb,  231:^  miles ;  and  in  fact,  the  advantages  of 
the  Danlell's  battery  have  become  so  apparent,  that  they  are  now  being 
used  on  English  hues.  In  Prussia,  Bunsen's  carbon  battery  is  much 
used ;  in  Inoua,  a  modification  of  Grove's  battery  is  preferred,  the  zinc 
being  acted  upon  by  a  solution  of  common  salt  in  water.  Two  of  thes9 
elements  were  founa  sufficient  to  work  a  line  of  forty  miles  totally  un- 
insulated, and  including  the  sub-aqueous  crossing  of  tne  Hooghly  Kiver, 
6200  feet  wide. 

The  continual  energy  of  the  battery,  whatever  may  be  its  construc- 
tion, depends  on  the  curculatiou  of  the  electricity,  tne  object  bebc;  to 
pass  the  force  from  the  positive  end  of  the  senes  through  the  wires, 
oack  again  to  the  ne^tive  extremity  of  the  voltaic  series. 

The  wire  (the  earner  of  the  force)  must  be  continuous  throughout, 
unless,  of  course,  water  or  earth  forms  a  part  of  the  endless  conducting 
chain. 
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Clark,  who  employs  a  very  strong  stone-ware  hook  open  at  the  side, 
80  that  the  wire  can  he  placed  on  the  hook  without  threading,  and  the 
hooks  can  he  replaced  in  case  of  breaking,  without  cutting  the  tele- 
graph wire,  whicK  is  securely  fastened  to  each  insulator  by  turns  of 
Uiinner  wire.  An  inverted  cap  of  zinc  is  used  to  keep  the  insulator 
dry.    (Fig.  814.) 

In  Ind£ft  the  conductor  is  rather  a  rod  than  a  wire,  and  weighs  about 
half  a  ton  per  mile ;  it  is  erected  in  the  most  substantial  manner,  and 
many  miles  of  the  rod  are  supported  on  granite  columns,  other  portions 
on  posts  of  the  iron-wood  of  Arracan,  or  of  teak. 

The  number  of  wires  required  by  the  electric  telegraph  often  puzzles 
the  railway  traveller,  and  people  ask  why  so  many  wires  are  used  on 
some  lines  and  so  few  on  otners  P  The  answer  is  very  simnle :  they  are 
for  convenience.  Two  wires  only  are  required  for  the  double  needle 
telegraph,  and  one  for  the  single  needle  instrument.  But  as  so  many 
instruments  are  required  at  the  terminal  stations,  an  increased  number 
of  wires,  like  rails  for  locomotives,  must  be  provided;  thus,  on  the 
Eastern  Counties,  seven  wires  are  visible,  and  are  thus  employed.  The 
two  upper  wires  pass  direct  from  London  to  Norwich ;  the  next  pair 
connect  London,  Broxboume,  Cambridge,  Brandon,  Chesterfield,  My; 
the  third  pair  all  the  small  stations  between  London  and  Brandon;  and 
the  seventh  wire  is  entirely  devoted  to  the  bell. 

If  the  earth  was  not  a  conductor  of  electricity,  and  emploved  in  the 
telegraphic  circuit,  four  wires  would  be  required  for  the  double  needle 
telegraph,  and  two  for  the  single  instrument.  To  understand  this,  let 
us  suppose  a  battery  circuit  extending  from  Paddington  to  the  instru- 
ment at  Slough,  and  the  wire  returning  from  Slough  to  Paddington,  it 
is  evident  that  one  wire  would  take  the  electricity  to  Slouffh,  and  the 
other  return  it  to  London,  as  in  the  diagram  below.    (Fig.  216.) 


LOMDOM  SLOUGH 

tl&J^^'  ^  ^^  baitciT.    B.  The  tnitrament    Th«  arrows  ihow  th«  pMiage  of  tiu 
eiraicitT  to  the  dngle  neeole  telegraph  inatnunent  by  one  wir«,  and  the  retoni  corrcnt 

If  the  whole  of  the  return  wire  is  cut  away  except  a  few  feet  at  each 
end,  which  are  connected  by  plates  of  copper  with  the  damp  earth,  the 
current  not  only  passes  as  before,  but  actuiQly  has  increased  m  intensity, 
and  will  cause  a  much  more  energetic  movement  of  the  needle  in  the 
telegraph  instrument.  (Fig.  2160  T^cse  plates  are  called  '*Smrtk 
Pluiet ;"  and  Steinheil,  in  1837,  was  the  first  who  proved  that  the  earth 
might  perform  the  function  of  a  wire. 
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Fig.  SIfli    ▲.  The  battery,    b.  The  instrament.    c.  Earth  plate  at  Sloagh.   s.  E^ 
plate  at  London.    The  arrowa  show  the  direction  of  the  electric  corxcDt. 

It  must  be  obyious  that  a  message  may  be  receiyed  at  anj  statifin 
without  a  battery,  but  in  order  to  be  able  to  return  an  answer,  erm 
station  must  have  its  own  battery. 

Infeniously-oonstructed  lightning-conductors  are  attached  to  the  ]>ost$ 
which  carry  the  wires,  so  that  in  case  of  a  storm,  the  natural  dectndtr 
is  conveyea  to  the  earth,  whilst  the  Toltaic  electricity  artifidaDj  pnv 
duced  pursues  its  own  course  without  deviation.  Protectors  are  also 
required  for  the  instruments  at  the  stations,  and  the  plan  devised  by 
Mr.  Highton  is  thus  described  by  the  inventor : — 

"  A  portion  of  the  wire  circuit — say  for  six  or  eight  inches— is  enT^ 
loped  in  blotting-paper  or  silk,  and  a  mass  of  metallic  filings,  in  con- 
nexion with  the  earth,  is  made  to  surround  it.  This  arraugement  v- 
S laced  on  each  side  of  the  telegraph  instrument  at  a  station.  Wbea  a 
ash  of  lightning  happens  to  he  intercepted  by  the  wires  of  the  tele- 
graph, the  myriads  of  infinitesimally  fine  points  of  metal  in  the  fite 
surrounding  the  wire  at  the  station,  on  having  connexion  with  ik 
earth,  at  once  draw  off  nearly  the  whole  charge  of  lightning,  and  ctnt 
it  safely  to  the  earth." 

THE  INSTBUHENTS  TO  BE  WOBJKXD— THB  BELL. 

A  form  of  telegraphic  apparatus,  now  but  seldom  used,  was  iotro- 
duced  some  vears  ago  by  Sir  Charles  Bright.  In  this  instrument,  tvo 
bells  took  tne  place  of  the  more  common  dial  needles,  and  thej  vcR 
sounded  by  the  movement  of  the  armatures  of  two  electro  magnets 
In  every  system  of  telegraphy,  beUs  are  used  at  each  end  of  the  lio^ 
to  call  the  attention  of  tne  clerks  in  charge.  They  are  idso  lars^} 
used  for  railway  signalling.  There  are  three  kinds  of  electric  bells  :" 
Firstly,  those  connected  with  a  train  of  clockwork,  which  is  set  u: 
motion  by  the  removal  of  a  trigger  attached  to  the  armature  of  ^ 
electro  magnet ;  secondly,  those  where  the  hammer  of  the  bell  0  itseu 
attached  to  the  armature,  and  which  give  a  single  stroke  each  time  the 
circuit  is  completed  by  the  depression  of  a  key  At  the  dbtant  ststioo. 
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ng.  817.    Electric  bell. 


and  lastly,  the  trembler,  in  which  the  action  of  the  hammer  makes  and 
breaks  contact  several  times  in  a  second,  for  as  long  as  the  current  is 
caused  to  pass. 
The  latter  form  is  the  .most  common  of  aU,  and  is  now  largely  used 

for  domestic  purposes,  especiallj  in  hotels, 
dubs,  and  other  laige  buildmgs,  where  it  en- 
tirely supersedes  the  wires  and  cranks  which 
so  constantlv  require  the  attentions  of  the  bdl- 
hanger.  Tne  annexed  cut  will  enable  the 
reader  to  understand  the  way  in  which  it 
works;  the  dotted  white  lines  showing  the 
outline  of  the  case  with  which  it  is  usually 
covered  to  protect  it  from  the  dust.  In  order 
to  avoid  the  confusion  which  would  arise  from 
the  ringing  of  different  bells  in  a  house,  without 
some  way  of  ascertaining  from  which  apart- 
ment the  call  arises,  it  is  usual  to  employ  an 
instrument  called  an  indicator.  This  consists 
of  a  mahogany  case,  somewhat  like  a  picture- 
frame,  enclosing  so  many  numbered  square 
spaces,  each  space  denoting  a  certain  room. 
Each  space  is  connected  with  an  electro- 
magnet having  an  armature  with  a  cardboard 
disc  attached  to  it.  Upon  ringing  the  bell  the 
disc  drops  across  the  space  denoting  the  room  where  the  button  was 
pressed.    By  this  plan  one  bell  will  serve  for  a  number  of  rooms. 

The  ordinary  electric  bell  push  is  too  common  to  require  description, 
it  being  hardly  necessary  to  say  that  the  act  of  pressing  it  completes 

the  electrical  circuit,  and  so  tne  electro-magnet  of 
the  bell  is  called  into  action.  A  great  many  forms 
of  burglar  alarms  are  constructed  on  the  same 
principfe,  contact  being  made  by  the  opening  of 
a  window,  or  of  a  door,  or  by  the  pressure  of  a 
footstep  on  a  particular  board  of  the  flooring. 

^ese  bells  are  almost  invariably  worked  by  a 
Leclanch6  battery,  a  smgle  cell  of  which  is  here 
shewn.  The  outer  cell  is  of  glass,  containing  a 
solution  of  sal  ammoniac,  in  which  a  rod  of  zmc 
is  placed,  the  inner  vessel  being  a  porous  pot, 
containing  a  stick  of  carbon,  round  which  is  tigntly 
packed  a  mixture  of  peroxide  of  manganese  and 
coke.  These  cells  if  properly  made  wiU  last  for 
several  months  without  attention. 

Fig.  218.    LeeUmch^  oeU' 

COOKE  AND  WHSATSTOKE'S  DOUBLE  KEBDLB  TBLEGBAPH. 

The  principle  of  this  instrument,  as  already  explained,  is  involved  in 
the  dements^  experiment  of  Oersted — viz.,  the  deflection  of  a  mag- 
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highly  spoken  of  by  Mr.  E.  V.  Walker  and  other  gentlemen  practically 
acquainted  with  the  working  of  telegraphs.  It  consists  of  a  coil  of  fine 
wire  on  a  card  or  ivory  frame,  a  magnetic  needle  with  a  lig[ht  index  of 
paper  pasted  across  it ;  two  stops  of  thin  sheet  lead  to  limit  the  vibra- 
tions of  the  index ;  a  supporting  ooard  eight  inches  square,  and  a  square 
of  fflass  in  a  frame  of  wood,  or  a  common  glass  tumbler  placed  over  it  as 
a  shade,  to  prevent  the  index  being  moved  by  currents  of  air.  It  is 
stated  that  the  office  boys,  with  the  assistance  of  a  native  Indian 
mter,  make  up  these  telegraphs  at  a  price  not  exceeding  two 


shillings  each. 

In  England  of  course  thev  would  be  more  expensive;  but  the 
simplicity  and  perfection  of  tne  arrangement  are  so  mu<A  to  be  com- 
mended that  we  give  the  details  for  theoenefit  of  those  boys  who  might 
wish  to  establish  a  telegraph  on  a  small  scale  for  amusement. 


THE  TRAXL. 

This  is  a  piece  of  mahogany  eight  inches  square  and  one  inch  thick, 
with  a  hollow  groove  cut  in  its  centre  two  inches  and  a  half  long,  half  an 
inch  wide,  and  a  quarter  of  an  inch  deep ;  a  ledse  of  the  same  wood 
one  inch  wide  and  half  an  inch  deep  surrounds  tne  frame,  living  the 
inner  surface  seven  inches  square ;  this  is .  stained  black  with  ink  to 
make  the  motions  of  the  index  more  conspicuous. 

THE  COIL. 

This  consists  of  fifty  feet  of  the  finest  silk-covered  copper  wire  wouLd 
on  a  frame  of  card  two  inches  long,  half  an  inch  broad,  three-eighths 
deep  in  the  open  part. 

An  edge  or  flange  of  card,  three-eighths  of  an  inch  wide,  is  attached 
to  it  at  each  side  to  keep  the  wire  in  its  place.  The  frame  may  be  of 
thin  wood  or  ivory,  and  the  winding  of  the  wire  commences  at  the 
lower  left  comer,  and  it  is  coiled  from  left  to  right,  as  the  hands  of  a 
watch  would  move  in  the  same  plane.  (Fig.  220.) 


Fig.sao.    TheooO. 


Two  inches  of  each  end  of  the  coil  wire  are  now  stripped  of  their  silk 
covering  b^  being  rubbed  with  sand-paper.  The  coil  is  mounted  in  the 
frame  by  mserting  its  lower  edge  or  mage  in  the  groove,  so  that  the 
lower  part  or  floor  of  the  inside  of  the  coil  is  level  with  that  of  the 
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frame,  as  shown  below,  and  it  b  now  ready  to  reociTC  the 
needle.  (Kg.  221.) 


Fly.  221.   The  con  fitted  into 
THE  N££DLE. 

This  is  one  inch  long,  one-twelfth  of  an  inch  wide,  of  tiie  thinast 
steeL  and  fitted  with  a  httle  brass  cap  turned  to  a  true  a)nc  to  r^ 
thTpoint  on  which  it  is  balanced.  ,  These  needles  are  of  hard  temF^ 
st^Cand  are  magnetized  by  a  single  contact  with  the  poles  of  s 
dectro-magnet  or  other  ordinary  powerful  m^et. 

The  mSnet  is  now  to  be  balanced  on  a  steel  point  one-eighth  oi  > 
inch  hiffhTthese  are  nipped  oif  with  cutting  pUers  from  common  xm 
needle?  and  soldered  into  a  sHp  of  thin  copper  three  inches  long,  W- 
an  inch  wide.  ^ig.  222.) 
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f^,  222.   A.  The  needle,    b.  The  point  on  the  slip  of  copper. 

As  the  north  end  of  the  needle  will  be  found  to  din,  it  is,«iTisable  w 

counteract  this  by  touching  the  south  end  with  a  little  ^^-1«5.^ 

which  dries  rapidly,  and  soon  restores  the  needle  to  a  perfect  equilibms- 

The  needle  is  completed  for  use  by  fixing  to  it  an  index  of  papj.f:- 

from  glazed  letter  paper)  two  inches  long,  tapering  from  one^i&^ 

^  *^  an  inch  to  a  Domt,asi 

fastened  at  right  angje: 
on  to  the  nccdk  «^ 
lac  vamish,  so  as  ^ 
be  truly  balanced,  ssj 
pointing  the  sharp  ^ 
to  the  east,  when  tte 
needle  placed  on  ^^ 
point  settles  due  nor^j 
and  south,  its  b«JI 
pole  being  opposite  t^ 
observer's  right  wsi 
the  observer  facing  «* 

Pig.  223.    The  needle  with  the  paper  index.  ('^'  ^      ' 
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Tlie  coil  fnunB  is  placed  north  aod  south,  and  the  needle  is  nov  intro- 
duced bj  sliding  the  end  of  the  slip  of  copper  into  the  opening  in  the 
frame. 

To  limit  the  fibrationi  of  the  pa{>er  index  a  tlop  is  placed  at  each 
side.  The  stops  are  mado  of  a  strip  of  thin  sheet-lead  or  copper,  a 
quarter  of  an  inch  broad,  one  inch  and  a  half  long,  and  tamed  up  at  a 
right  angle,  so  that  one  inch  rests  on  the  board  and  half  an  inch  is 
vertical.  For  ordiuarj  practice  these  stops  ate  placed  each  at  half  n 
inch  from  the  index. 

The  telegraph  is  placed  in  a  box,  which  mav  have  a  piece  of  looking- 
glass  in  the  lid,  so  that  the  readings  can  be  taken  with  the  neodle  in  the 
Tertical  instead  of  the  horimutal  position,  if  required.  (Fig.  Hi.) 


aatahdag  tha  tetfl^nph, 


iUds^Iui  Id  (h*  Ud. 


itMlmagiMt  !•  ptsecd  on  oi  near  the  Svna,  If  ruoind,  tho  louth  pole  or  thli  mu 
adsg  (^oitta  to  the  Dorth  pola  oftke  oeedltin  theulemph  colL  Tlmbuli  IDiir^ 
loDfi  biU  *n  ImA  bi<M4  thiefr4liuenllu  Dtu  ini-h  thlcli,iuid  it  li  onljiucd  to  wostai 


The  ends  of  the  fine  wire  of  the  teltwraph  coil  are  joined  on  to  the 
wins  from  the  nBerang  instrument,  ana  this  is  connected  with  a  Toltaic 
series  of  one  or  more  elements,  so  that  bj  the  cmplonacnt  of  the 
reieraer  the  neolle  is  caused  to  more  right  or  left  at  plessure.    The 
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vhite  p>p«r  indez  cm  tli«  black  erouad  can  be  followed  wiUi  the  gr 
oertaintj,  and  Sir  W.  O'Sbauguiessj'  stBl«s  that  vilh  this  isstnui 
teteffraph  clerk  may  read  at  tue  rate  of  twcntr  iroTdsj»ermi]iBt«< 
doDDle  needle  irire,  being  eqoal  to  fort;  wonu  per  mmote. 


s  and  a  half 

(out  hollows,  half  an  indh  deep,  are  oat,  and  these  hollows  an 


a  block  of  wood,  two  i 


e  hollow 


diagonall]^  by  copper  wires  let  into  the  substance  of  the  wood,  u 
careful!;  intulatea  from  each  other  b;  melted  cement,  but  apora; 
a  clean  metallic  surface  in  each  cell,  which  ia  filled  with  monn. 
(Pig.  885.) 


n^.ili.  BlMkorwMxliitUiRwrbiilMiltwpiidtlnlamiliwl  lioomMcUddUi" 
ilatudi.tlwiugitlnwtthoudD;  IhahoUowimlUltdwttliiaiRiiiT.  twai'M 
ln>  frsm  the  t(lwn|di  boi,  and  II  li  irixloiu  ttul  bjdlinliic  UMm  iBcnaMjlaB" 
id  A II  Uu  CTUnntla  nrtnid,  ud  tlu  mdlt  dia«t«d  ri«bt  or  ML  It  ^e«n. 

In  practice  a  more  elaborate  rererser  is  emolojed,  but  to  demoniln'' 
~  principle  the  simple  block  above  deaeribea  ii  quite  su"*  '~~' 
ith  the  telearaph  placed  at  the  top  of  a  home,  c 
"  a  single  c  "    '  "       '    '   ■■ 


theprinciple  the  simple  block  above  deseribea  ii  quite  sufficient 

With  the  telearaph  placed  at  the  top  of  a  house,  or  in  a  i 

cottage,  and  a  sipgTe  cell  of  Grove's  battery,  or  tt  most  two,  for: 


rapidiW  from  the  bottom  of  the  house  to  the  top,  a. 

the  loc^,  it  bekg  understood  that  a  battery,  rererser,  and  tde^\ 
are  required  at  both  places  where  messages  are  received  and  iun«<W' 
but  it  no  answers  are  required,  the  battery  and  reverser  are  pl»Mii " 
one  end  of  the  wire  in  the  house,  and  the  telegraph  at  the  other  a- 
tremity  in  the  cotti^,  and  earth  plates  may  be  arranged  to  retnni  tte 
current,  or  another  wire  used  for  that  purpose. 

The  alphabet  for  the  needle  telegraph  in  use  in  this  country  difB) 
from  that  given  upon  the  farmer  page,  but  it  is  onnecessai^  to  tpiou  6 
at  iengtl:^  for  the  characters  are  of  conrw  made  up  of  the  right  aw  k" 
movementa  of  tbe  needle,  and  their  nature  will  be  readily  unaerstood- 

Aaotfaer  form  of  instrumeDt  which  has  of  Ute  yean  been  largely  KM' 
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in  teleffraphjT  is  that  known  as  the  Morse  system.  In  this  method 
the  alphabet  is  made  np  of  dots  and  dashes,  the  dot  answering  to  a  left- 
hand  deflection  in  the  needle  instriime(^t,  and  the  dash  corresponding 
with  a  right-hand  deflection.  A  person  ther|fore  who  has  learnt  to 
work  the  needle  instrument  can  very  soon  acquife  a  proficiency  in  the 
Morse  system.  The  alphabet  is  as  follows,  the  sh#rt  Imes  representing 
dots  and  the  long  ones  dashes : — 


A_ 

M 

_^ 

A  [ae]  _ 

N 

B  ^^^^  ^  ^  •■ 

0 

P 

D 

Q 

E  _ 

R 

Jr  ^  ^  •■■■•  ^ 

8 

—  —  — 

I  i                                                       

T 

H 

U 

—  —  — . 

I     -- 

V 

—  —  —  _. 

J         ^    — M      —a      ^^M 

w 

— .  ^—  —  — 

£     aMaaM     ■»    «a^ 

X 

L  —  —  —  — 

Y 

Z 

_- 

Pull  stop  [.] 

Note  of  interrogation 

:?]-" 

m'^^^     ^^^     ■«    ■« 

Note  of  Admiration  [! 

Apostrophe  V] 
Parenthesis  [(] 

^^^ 

Inverted  commas  ["„] 

-  • 



1 

6  - 

7  - 



3 

8  . 

9  . 

—       -^ 

5  IIIIIT" 

0  - 

Dashes  and  dots  similar  to  these  are  printed  in  ink  by  the  action  of 
the  current.  The  transmitting  instrument  consists  of  a  key  (Fig.  226), 
which  being  pressed  for  a  long  or  short  duration  of  time,  makes  at  the 
receiving  ena  of  the  circuit  a  dash  or  a  dot.  This  is  brought  about  in 
the  following  manner, — at  the  receiving  end  is  an  electro-magnet,  the 
armature  of  which  is  connected  with  a  little  roller,  which  is  constantly  sup- 
plied with  printing  ink.  Just  above  this  roller  is  a  slip  of  paper  which  travels 
along  by  clockwork.  Directly  the  current  passes,  the  magnet  attracts  the 

B 
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mnatiire,  the  little  ink  roUer  is  brongkt  against  the  ilip  ot  pmr,  ol 
makM  B  dot  or  k  d&sh,  acoording  to  tiie  Inigth  of  time  it  rati  nm- 


Another  means  ot  recording .  the  Morse  signals  is  bj  Bain's  ehraiol 
telegrapb,  in  whicb  the  elect ro-msgnet  is  not  aaed.  The  tnTeltingslip 
of  paper  ia  so&ked  in  a  certain  chemical  soiattoo,  vhich  is  decompiEM 
directlj  the  electric  carrent  ia  passed  through  it.  A  steel  pouitu  rots 
agaiost  the  paper,  and  every  time  the  circuit  is  completed,  it  leans  > 
mark,  vhich  ma;  be  short  or  long  as  tbe  transmitter  maj  wish. 

Sometimes  the  recording  instrament  is  dispensed  with  attc^ether,ua 


Fig.  327.    ManeMDDte. 

the  operator  depends  altogether  on  his  hearing  faculties  fw  nndersUuliif 
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the  signals  sent  In  this  case  a  Morse  sounder  is  used  (Fig.  327).  In 
the  annexed  out  the  electro-magnet  of  the  sounder  is  shewn  standing 
upright  in  tlie  centre,  the  armature  above  it  being  so  adjusted  that 
every  time  it  is  attracted  to  the  magnet  it  gives  an  audible  click.  In 
using  the  sounder,  the  dashes  are  expressed  bv  double  dicks  and  the 
dotsl>7  single  clicks.  Thus  with  these  two  little  instruments  (the  key 
and  the  sounder),  a  battery,  and  a  line  wire,  <iommunication  between 
two  distant  persons  is  accomplished,  provided- they  are  acquainted  with 
the  Morse  alphabet. 

In  many  cases  it  is  found  desirable  to  use  some  kind  of  telegraphic 
system,  where  the  si|;nals  given  are  not  of  a  conventional  form,  as  in  the 
Morse  and  needle  instruments,  but  are  represented  by  the  ordinary 
letters  of  the  alphabet.  The  best  known  form  of  instrument  which 
accompUshes  this  is  Wheatstone's  magnetic  alphabetic-dial  telegraph, 
which  is  extensively  used  on  private  lines,  and  more  especially  in 
connecting  business  firms  who  have  premises  in  different  parts  of  one 
city.  The  great  advantage  of  such  a  system  ia  that  anyboay  oossessing 
ordinary  intelligence  can  work  the  instrument,  provided  he  nns  learnt 
his  alphabet. 

Another  instrument  which  must  not  pass  unnoticed  is  Hughes'  printing 
telegraph,  in  which  the  messa^  sent  is  actually  printed  in  ordinary 
type  as  it  arrives  at  its  destination.  In  this  system  two  type  wheels — 
having  the  letters  of  the  alphabet  on  their  edges — revolve,  one  at  each 
station,  with  equal  velocity.  The  re(^uired  letters  are  brought  above  a 
slip  of  traveUingj  P<^Pf  r  ^7  ^^^  revolution  of  the  type  wheel,  and  are  im- 
pressed thereon  in  printers'  ink. 

A  great  many  plans  have  been  from  time  to  time  suggested  for  trans- 
mitting handwriting.  The  first  of  these  was  Bakewell  and  Casselli's 
copying  telegraph.  It  depends,  as  in  Bain's  telegraph,  upon  the 
decomposition  of  certain  chemical  salta  bjr  the  passage  of  the  electric 
current.  These  phenomena  were  first  pointed  out  by  Sir  Humphrey 
Davey,  but  were  not  acted  ufK>n  for  the  use  of  the  telegraph  until  1850, 
when  Bakewell  produced  bis  copving  telegraph.  The  message  u 
written  in  resinous  ink,  such  as  scaaline-wax  dissolved  in  spirit,  or  tin 
foil.  This  foil  is  then  attached  to  a  cyunder,  so  arranged  that  a  pointer 
traverses  every  part  of  its  surface  as  it  revolves,  the  action  being  similar 
to  the  travelling  tool  of  a  screw-Ksutting  lathe.  Another  cylinder  with  a 
similar  pointer  forms  the  recording  instrument,  but  in  this  case  the  foil 
is  rephiced  by  chemical  paper.  By  clockwork  the  two  cylinders  are 
caused  to  revolve  at  exactly  the  same  pace.  An  electric  current  passes 
through  the  pointers  to  the  cylinders  which  they  touch.  Supposing  that 
no  interruption  occur,  the  two  pointers  will  make  spiral  lines  on  each 
cylinder,  one  being  indicated  by  a  slight  depression  upon  the  tin-fc^il, 
and  the  other  by  a  coloured  continuous  line  caused  by  the  decomposition 
of  the  salt  employed.  (A  solution  of  prussiate  of  potash  and  ammonia 
^ves  a  blue  mark — the  well-known  prussian  blue-— but  a  mixture  of 
iodide  of  potash  and  starch  will  give  a  brown  mark,  owing  to  the  libera- 
tion of  iodine.)    The  resinous  ink,  however,  on  the  sending  cylinder 

&  2 
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forms  a  barrier  through  which  the  electricitT  cannot  Tentun;  w ..,.«». ^, 
therefore,  the  pointer  passes  over  a  piece  oi  the  writing,  the  emrait  b 
stopped,  and  so  the  recording  pointer  on  the  chemical  paper  ceases  to 
act.  The  result  is  a  white  writing  upon  a  background  made  up  of  a 
multitude  of  fine  lines,  like  the  engraved  sky  of  a  good  wood  blocL 

A  somewhat  similar  plan  was  lately  tried  at  the  General  Post  Offiee. 
It  was  the  invention  of  M.  d'Arlincourt,  and  contained  mairr  features 
which  represented  improvements  upon  Bakewell's  system.  By  ita  aid 
drawings  could  be  executed,  and  it  was  supposed  that  it  might  prove 
useful  m  war  time  in  the  transmission  of  plans  of  fortifications,  maps, 
and  the  like.  It  has  not  come  into  use,  however,  and  may  be  reganfed 
as  one  of  those  scientific  toys  which  from  time  to  time  make  tiieir 
appearance  suddenly,  and  as  suddenlv  disappear  from  view. 

On  a  wholly  different  principle  is  the  wntmg  telegraph  of  Mr.  £.  A. 
Gowper,  of  Westminster,  which  is  likelv  to  haye  an  extended  use.  It 
has  already  been  tried  for  some  months  on  the  South-Westem  line, 
working  from  London  to  Woking,  a  distance  of  more  than  tweaty-six 
miles,  and  giving  every  satisfaction.  An  ordinary  pendi  serves  as  the 
transmitting  instrument,  and  the  receiving  instrument  b  bound  to  foUow 
and  transcribe  its  every  movement  Tne  inventor  has  kindlr  sent  me 
a  slip  of  the  writing,  which  has  been  transferred  to  a  wood  oKook  and 


^u^*Woa4i^-KHr''••'»-^ 


Fv.a28. 


engraved.  (See  Fig.  228.)  He  has  also  sent  me  a  deso^tioa  of  the 
instrument,  which  I  now  append  : — 

"The  object  attained  by  this  instrument  is  that  it  enables  the 
operator  to  write  at  a  distant  station  many  miles  away,  just  as  thooj^h 
he  were  present  there  himself,  without  requiring  the  use  of  any  special 
signals,  codes,  or  signs  (to  spell  each  letter  as  is  now  the  praoticeX  and 
without  the  assistance  of  any  person  to  translate  the  signals  as  received. 

"  The  instrument  acts  upon  the  simple  principle  of  oommnnicatinf 
at  all  times,  to  the  writing  pen  at  the  receivbg  end  of  the  line,  the 
exact  position  of  the  pencil  of  the  operator  at  the  sending  ttatiim 
through  two  line  wires,  or  so  to  speak,  giving  the  latitude  and  longitude 
of  the  pencil  continually ;  the  position  of  the  pencil  Terttoallj  being 
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commDnicated  bj  one  wire,  and  the  position  homonlall;  being  com- 
monicated  bj  the  other  wire. 

"  The  pencil  of  the  operator  has  two  light '  oontaot  rods '  jointed  to 
it,  and  one  of  these  slides  over  the  edffea  of  a  aeries  of  '  contact  pktea,' 
having  Tarioua  reaiatances  interposea  between  them  and  the  line  wire, 
while  the  other  rod  alidea  over  a  second  set  of  such  plates  connected  to 
the  other  line  wirt^  At  the  receiving  end  of  the  line,  each  of  these 
wires  aotnates  its  own  needle. 

"  The  two  needlea  (which  are  placed  at  right  angles  to  each  other, 
and  are  provided  with  ligbt  springs),  actuate  one  writing  pen,  this  pen 
moving  Dp  of  down,  and  backwards  or  forwards,  in  exact  obedience  to 
the  motions  of  the  pencil  in  the  hand  of  the  operitor  at  the  distant 
station^ 

"  Both  the  naper  written  upon  in  pencil  b;r  the  operator  at  the  send- 
ing station  ana  that  written  opon  in  ink  bj  him  at  the  receiving  station 
move  along  aa  the  writing  proceeds,  and  the  messages  have  ddI;  to  be 
cnt  off  from  time  to  time,  wound  round  a  piece  of  card,  and  sent  out  to 
their  destination,  or  pnt  into  en  envelope  and  despatched." 

With  this  description  of  the  latest  development  of  modem  tele^ph; 
I  mnat  bring  this  section  to  a  close.  I  shall  next  point  cnt  how  in  the 
invention  of  that  wonderful  instrument  called  the  telephone,  tDodem 
tel^taphic  instruments  may  become  altogether  superseded  b;  the 
lonnd  of  actual  speech. 


of  tha  kltu  otMegraphie  » 
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The  annonnoement  that  it  is  actuallj  possible  to  transmit  the  sounds 
of  the  hoinan  voice  Uuongb  t  tetegr^hic  wire  is  periiaps  the  moat 
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startling  information  which  any  one  ignorant  of  the  inarch  of  phpol 
science  could  conceiye.  The  first  intimation  that  such  a  feat  had  been 
accomplished  came  from  Sir  William  Thompson,  in  his  opening  address 
to  the  British  Association  at  GUsgow  in  the  year  1876,  who  recorded 
how  he  had  so  heard  the  well-known  speech  from  **  Hamlet,"  "  To  be 
or  not  to  be,"  etc.  Since  that  time  many  forms  of  telephones  bvt 
appeared  and  have  met  with  different  degrees  of  suooess,  xintil  at  thepn- 
sent  day  one  or  two  which  surpass  all  others  in  their  action  are  oonk 
into  actual  use  for  purposes  of  intercommunication. 

Long  before  it  became  possible  to  convey  speeoh  by  means  of  tbe 
telephone,  more  than  one  inventor  had  producea  instruments  bj  wkid: 
it  was  possible  to  transmit  musical  sounds  by  means  of  a  telqginpiik 
wire.  To  go  back  to  the  very  bejginning  of  these  experiments,  mmosi 
note  some  curious  phenomena  which  were  first  discovered  by  Fageio  i^ 
year  1 837.  He  found  that  the  operation  of  magnetizing  and  dema^ieiaziB? 
an  iron  bar,  by  sending  an  electric  current  through  the  helix  of  vip 
surrounding  it,  was  accompanied  by  an  audible  sound,  a  kind  of  ^• 
By  making  and  breaking  the  current  several  times  in  a  second  these  dicb 
were  ma&  to  follow  one  another  so  rapidlv  that  they  constituted  i 
musical  note,  the  greater  the  number  of  such  sounds  in  a  given  tiiMr 
the  higher  the  pitch  of  the  note  produced.  (To  understand  this  tbt 
reader  should  refer  to  some  work  on  acoustics,  where  he  will  io^ 
described  an  instrument  called  Savart's  wheel,  the  cogs  of  which  bo^ 
against  a  piece  of  card.  The  greater  the  velocity  at  which  the  wheel  b 
turned,  the  greater  the  number  of  beats  against  the  card  in  a  siva 
time,  and  the  higher  in  pitch  the  resulting  note.  This  proves  tbit  > 
musical  note  is  simply  a  succession  of  noises  which  follow  one  another 
]>eriodically.  To  constitute  a  note  they  must  occur  at  least  sixtoa 
times  in  every  second,  or  the  ear  will  not  acknowledge  them  bat  »i 
series  of  distinct  taps.) 

In  the  year  1S60,  Philip  Reiss,  of  Germany,  took  advantage  of  ^'^ 
discovery  by  the  construction  of  a  transmitter  bv  which  he  was  eniUol 
to  control  the  number  of  electrical  contacts  bv  the  action  of  a  vibntiK 
diaphragm.  This  instrument  consisted  of  a  box  into  the  side  of  whi^ 
was  fitted  a  mouthpiece  not  unlike  the  mouthpiece  of  an^  ordiau; 
speaking-tube.  At  the  top  of  the  box  was  an  orifice  filled  in  witb  > 
parchment  diaphragm.  In  the  centre  of  the  diaphragm  was  a  an^ 
piece  of  metal,  over  which,  but  not  actually  touching  it,  was  a  nieta& 
point.  Upon  singing  a  note  into  the  mouthpiece  of  Uie  box,  the  pveli- 
ment  above  was  tnrown  into  vibration,  and  every  such  vibration  csosed 
the  piece  of  metal  to  touch  the  point  hanging  above  it  So  that  i^ 
cording  to  the  number  of  vibrations  in  any  given  note,  a  simil^ 
number  of  contacts  were  made,  and  as  both  pieces  of  metal  were  jois^ 
up  with  a  battery  and  a  line  wire,  these  contacts  were  electrical  ai» 
effected  the  magnetization  of  an  iron  bar,  which  formed  the  receiTioi 
instrument  at  the  distant  station. 

Some  years  kt-er  another  form  of  telephone  was  devised,  in  which  tbe 
action  of  the  common  tuning-fork  was*  taken  advantage  of  to  make  asd 
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break  the  cnrrent.  Mr.  CSromwell  Varley  produced  an  instrament  of  this 
natare,  which  I  believe  was  the  first  form  of  telephone  ever  pnblidj 
exhibited  in  this  country.  It  was  placed  in  the  Queen's  Theatre,  Long 
Aere,  the  other  end  of  the  line  wire  being  at  a  music  hall  on  the  Surrey 
side  of  the  river,  and  music  played  at  the  latter  place  was  plainly 
heard  in  the  theatre. 

Mr.  Elisha  Gray,  of  Ghicaffo,  was  the  next  inventor  who  came  upon 
the  scene.  In  18/4  this  gentleman  produced  an  instrument  of  some- 
what the  same  character  as  the  one  just  described,  but  far  more  perfect 
in  its  action.  In  this  telephone  metal  reeds  were  employed  of  the  same 
form  as  those  used  in  harmoniums.  These  reeds  were  governed  by 
pianoforte  keys,  and  were  so  arranged  that  dectro-ma^ets  at  the  dis- 
tant station  actuated  similar  ree<u»  and  so  the  origmal  sounds  were 
reproduced. 

All  these  instruments  were  capable  only  of  producing  musical  notes, 
not  speech,  and  they  are  distinguished  from  the  more  recent  inventions 
as  "Tone  Telephones,"  the  latter  being  called  "Articulating  Tele- 
phones." 

'  Up  to  the  year  1876  no  instrument  had  been  devised  for  transmitting 
speech,  except  a  little  toy  called  the  thread  telephone,  which  was  sold,  I 
believe,  some  twenty  years  ago,  and  forgotten,  but  revived  within  the 
last  vear  or  two.  It  is  however  something  more  than  a  mere  toy,  for  it 
teacnes  us  how  wonder- 
fully sounds  and  even 
articulate  speech  can  be 
converted  into  motion, 
and  again  produced  at  a 
distance  as  speech.  This 
form  of  telephone  is 
shown  at  fig.  230.     It  ^ig.  2ao. 

oonsists    of     two    little 

boxes  made  of  wood,  card,  or  metal,  open  at  one  end,  and  closed  at  the 
other  with  a  diaphragm  of  parchment.  To  the  centre  of  each  diaphragm 
is  knotted  the  two  ends  of  a  piece  of  twine.  With  this  simple  con- 
trivance people  a  hundred  yards  apart  can  keep  up  a  conversation  with- 
out difficulty.  The  action  of  the  instrument  is  as  follows : — the  speaker 
into  one  box  throws  the  diaphragm  into  vibration  by  the  vibration  of 
his  voice,  these  vibrations  constitute  so  many  pulls  upon  the  cord  lead- 
ing to  the  other  diaphragm,  and  so  the  latter  is  made  to  describe 
similar  movements,  and  the  sounds  become  audible  to  the  listener  there. 
It  is  evident  then  that  if  we  can  find  some  means  of  throwing  a  dia- 
phragm into  motion  at  a  distance,  so  as  to  correspond  with  the  move- 
ments of  a  diaphragm  agitated  by  the  voice,  we  can  reproduce  the 
original  sounds  given.  Twine  will  of  course  only  answer  the  purpose 
for  a  few  yards,  and  although  experiment  has  shown  that  this  aistance 
can  be  ^nai\j  increised  by  the  use  of  fine  copper  wire,  still  such 
distance  is  limited  to  a  few  hundred  yards.  It  was  reserved  for  Pro- 
fessor Graham  Bell  to  solve  the  problem  by  the  use  of  magnetism. 
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Frofessor  Sell's  fint  form  of  kiticalatinff  telepbone  made  its  appear- 
ance  at     the  Philadelphia   Ccatenuial  Exhibition   of   1876,    bat  tke 


instrument  then  shewn  hu  s 


uidenblj  modified.     Wut 


I  PrDfessor  Bell,  itep  bj  step,  snimonated  eraj 
difficultj  until  the  end  which  be  bwl  in  ticw  was  attained.  And  I  mast 
content  mjtelf  bj  aimpl;  deseribine  the  initrument,  and  bj  briedj 
explaining  to  my  readers  the  prinoiples  inTOlTed  in  its  ccnutmotion. 


rif.Ul.    Prof.  BtU'i  t•l«IAall^  lo  <1«T(ll<ni  and  I 


Fig.  231  shows  Bell's  telephoae  in  eleTation  and  section.  lU  onl- 
wardTonn  has  been  comparea  to  the  handle  of  a  skipping  rope,  wiiich  it 
nncb  resembles  both  in  sppeaianee  and  size,  its  toul  length  being  oulj 
about  six  inches^  Referring  to  the  seotion,  A  is  the  moathpieoe  of  the 
iustiumGDt,  vhiolk  alio  serres  as  ear-pieoe  (for  this  form  of  telephtme 
both  receives  and  traDsmlts  sonnds),  c.c.  is  a  metallic  diapbragm  made 
of  that  Ti^rj  thin  enamelled  iron  npon  which  photograpos  are  takes 
nnder  the  name  of  Ferroinei.  The  prbci]>al  part  of  the  instrument  b 
the  bar-magnet  D,  which  passes  through  its  centre,,  the  north  pole  of 
which  is  surrOQuded  bj  a  coil  of  silk-covered  copper  wire.  This  end  of 
tJie  magnet  all  but  tonchet  the  iron  diaphr^^,  its  other  end  being 
fitted  with  a  screw  bj  which  its  exact  position  can  be  r^nlated  to  a 
nicetj.    The  ends  of  the  coil  are  carried  down  to  tha  back  of  the  oaae. 
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where  they  are  connected  with  two  biudin^-screws,  to  which  the  line 

wires  can  be  readily  adjusted.    On  short  circuits  it  is  as  well  to  use 

two  wires,  but  where  the  distance  is  considerable  the  earth-current 

should  be  taken  advantage 

of,  as  explained  in  a  former 

page.  In  this  Utter  case  the 

instrument  will  be  joined 

up  in  the  manner  shown  at 

Fi^.  233,  the  letters  C  and 

Z  mdicating  the  copoer  and 

zinc  dements  of  the  oattery 

for  ringing  the  call-bell. 

So  far  as  the  telephone 
itself  is  concerned,  it  re- 
quires no  battery  whatever, 
its  action  being  dependent 
upon  the  magnet  contained 
within  it  The  sonorous 
vibrations  set  up  in  the  air 
by  the  voice  are  projected 
upon  the  diaphragm,  which 
also  vibrates  in  sympathy. 
These  vibrations,  by  con-  ^ 
stantly  varying  the  distance  ^ 
between  the  centre  of  the  "^ 
iron  disc  and  the  ma^et 
behind  it,  cause  variations 
in  the  current  of  electricity 
which  is  induced  in  the  coil 
of  wire,  and  such  variations 
are  telegraphed  to  the  dis- 
tant telephone,  where  the 
corresponding  diaphragm  is 
brought  into  similar  move- 
ments, and  gives  out  the 
sounds  convened.  In  the 
next  chapter  it  will  be  seen 
how  a  current  can  be  in- 
duced in  a  coil  of  wire  by 
the  approach  of  a  magnet ; 
and  wnen  we  know  by  ex- 
periment that  this  is  the 
case,  it  is  not  difficult  to 
understand  how  this  current 
must  be  varied  in  its  con- 
dition by  the  movement  of  a  piece  of  iron  nlaced  near  the  end  of  the 
magnet.  Such  movements  are  brought  about  by  the  vibrating  iron 
diaphragm  in  Bell's  telephone. 


Fig.  S82.    Diagram  showing  maimer  of  Joining  up 
a  telephone  oircuil 
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I  have  no  doubt  tkat  my  readers  vill  be  f^kd  to  kam  thai  a  pair  of 
these  telephones  can  be  vety  easily  oonstmcted  by  those  who  can  ue 
their  fingers  with  neatness  and  intelligence.  Shortly  after  BelFs  tde- 
phone  was  first  bronght  to  England,  I  published  in  one  of  the  magirim 
full  directions  for  making  a  pair  of  instruments.  The  case  was  eos^ 
structed  from  a  penny  pop-eun,  ^lued  into  a  wooden  tooth-powder  box. 
I  had  the  satisfaction  of  liearmff  that  the  editor  of  the  periodical 
received  dozens  of  letters  from  Doys  who  had  followed  my  direc- 
lions,  and  had  met  with  success  which  altogether  surpassed  their 
expectations. 

A  Tery  convenient  fonn  of  bell  for  use  with  this  telephone  is  shows 
at  Fig.  233,  which  has  the  advantsge  of  dispensing  with  a  battoj. 
The  box  contains  a  small  magneto-electric  machine,  which  is  set  b 


Fig.  2S3.    Telepbone  beQ  and  dmnt. 

motion  by  the  handle  on  the  left-hand  side.  The  other  handle  is  a 
sAtmt  by  which  the  beU  or  the  telephone  can  be  thrown  into  flbeait 
as  required.  WitJiout  some  such  contrivance  as  this,  it  woidd  be 
necessary  to  have  a  separate  line  wire  to  work  the  belL 

Hie  sounds  reproduced  by  this  form  of  telepbone  are  very  perfect, 
but  unfortunately  extremely  weak,  so  that  it  is  necessaiy  for  the 
transmitter  to  speak  very  custinctly,  and  for  the  hearer  to  hold  the 
instrument  dose  to  his  ear.  Nothwithstanding  these  defects  the 
instrument  is  largely  used,  especially  in-  the  United  States ;  and  ia 
order  to  show  the  marvellous  distance  through  which  it  will  act,  I 
mav  state  that  it  is  upon  record  that  conversation  has  been  easDy  canaed 
on  between  Boston  and  New  York,  a  distance  of  260  miles. 

A  modification  by  which  Bell's  telephone  has  been  vastly  improved 
has  latelv  been  introduced  by  Mr.  F.  A.  Gower.  The  bar-manet  b 
discarded,  and  is  replaced  by  one  formed  like  Uie  letter  B.  "nie  tvo 
poles  are  thus  brought  close  together,  and  each  is  furmshed  with  a  eoiL 
The  sounds  are  greatly  augmented  bv  this  arran^ment^  while  the 
articulation  is  improved.  There  b  little  doubt  that  this  form  of  telephone 
wUl  meet  with  extended  use. 

It  is  quite  impossible  to  notice  here  the  various  fonns  of  tdeptwwiwi 
which  have  been  devised  since  Professor  Bell  pointed  out  how  ariiQala- 
tion  could  be  reproduced  at  a  distant  point.  Their  name  is  legion, 
but  it  is  doubtful  whether  the  majority  will  ever  cx>me  into  praciical 


J 
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We  DOW  urive  at  the  mme  of  one  nho,  long  veil  Idowd  as  &b 
inventor  in  America,  hu  of  late  jears  altaiDed  ■  celebrity  vbicb  dm 
oqIt  be  described  u  world-wide.  Thomas  Alva  Edison  was  bom  at 
Uilsn,  £rie  Countj,  Ohio,  in  1S17.  He  began  bis  career  as  a  news- 
paper boj  on  the  Qrand  Trunk  Railroad.  Eren  at  this  earlj  period 
hia  active  mind  was  constsntlj  tarned  towards  scientific  pursnils,  Tor 
we  Icam  that  he  fitted  up  a  disosed  car  as  a  chemical  laboratory,  and 
advanced  so  far  in  his  experixaents  as  to  nearly  set  the  train  oq  fire. 
Be  shortly  aftenrords  became  employed  as  a  telegraph  operator,  and  in 
this  capacity  he  had  opportunities  of  gaining  a  thorough  practical 
knowledge  of  the  principles  of  electric  comniumcatioo.  In  a  few  years 
the  instrtunenta  which  he  inTented  replaced  those  in  uae  at  the  office  with 
which  he  became  connected;  and  at  the  present  time  he  is  engaged 
in  working  out  various  wonderful  instruments  in  his  laree  experimental 
jalioratory  and  factory  at  Menio  Park,  near  New  York.  He  is  the 
proprietor  of  some  130  different  patents,  the  majority  of  which  relate 
to  improvements  in  telegraphy.  But  the  inatrument  which  first 
made  his  name  famous  beyond  his  own  coootry  was  the  speaking 
phonograph. 

The  first  published  description  of  this  marvellous,  yet  simple  piece 
of  mechanism,  appeared  in  a  London  paper  in  Januair,  1678,  the  account 
being  copied  from  the  Seientific  Jtxerican  of  Dec.  2!nd,  1877. 

"  Mr.  Thomas  A.  Edison  recently  came  into  this  office,  placed  a  little 
machine  on  pur  desk,  turned  a  crank,  and  the  machine  enquired  as  to 
oar  health,  asked  how  we  liked  the  phonograph,  informed  us  that  it  was 
well,  and  bid  us  a  cordial  good  nignt.  These  remarks  were  not  only 
perfectly  andible  (o  ourselvea,  but  to  a  dozen  or  more  peraons  fathered 
aronnd,  and  they  were  prodnced  b^  the  aid  of  no  other  mecbaiusni  than 
the  simple  little  contrivance  eiplained  and  illustrated  below. 


rig.  lU.    EdiKiD'i  phouvt^ili. 

"  ^lere  is,  first,  a  mouthpiece  F,  across  the  inner  orifice  of  which  ia 
B  metal  diaphragm,  and  to  the  centre  of  this  diaphragm  ia  attached  a 
point,  also  of  metal.  Behind  this  mouthpiece  is  a  brais  cylinder,  C, 
anpported  on  a  sbtft  which  is  screw-threaded,  and  turns  in  a  nnt  for  a 
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bearing,  so  that  when  the  cylinder  is  caused  to  rerolve  bj  the  crmk  D, 
it  also  has  a  horizontal  travel  behind  the  mouthpiece.  It  will  be  deir 
that  the  point  on  the  metal  diaphraem  must^  therefore,  describe  a  spinl 
trace  oyer  the  surface  of  the  cjlinaer  C.  On  the  latter  is  cut  a  ^drtl 
groove  of  like  pitch  to  that  on  the  shaft,  and  around  the  cylinder  is 
attached  a  strip  of  tinfoil.  When  sounds  are  uttered  in  the  moathpieoe, 
the  diaphragm  is  caused  to  vibrate,  and  the  point  thereon  is  caused  to 
make  contacts  with  the  tinfoil  at  the  portion  where  the  latter  crosses 
the  suiral  eroove.  Hence,  the  foil,  not  being  there  backed  bj  the  soJid 
metal  of  the  cylinder,  becomes  indented,  and  these  indentations  are 
necessiurily  an  exact  record  of  the  sounds  which  produced  them. 

"A  and  B  are  the  bearing  in  which  the  shaft  turns,  G  is  the  base- 
board of  the  instrument.  H  is  a  lever  for  adjusting  the  Doaition  of  the 
mouthpiece,  I  being  the  nut  on  which  it  works.  The  neavj  flywheel 
E  is  to  equaUse  the  motion  of  the  cylinder." 

So  far  the  phonograph  is  simply  a  recorder  of  sounds,  which  record 
is  inscribed  on  a  piece  of  tinfoil,  as  a  series  of  indentations  dog  into  it 
by  the  point  of  tne  vibratine  metallic  diaphragm.  Other  inatmments 
have  long  ago  been  invented  which  produce  such  records,  notably  the 
phonautograph  of  M.  L^n  Scott,  a  full  description  of  which  is  jgivea 
in  Ganot's  Physics.  But  now  comes  the  marvellous  part  of  Edison's 
invention,  the  reproduction  from  the  tinfoil  record  of  the  sounds  which 
produced  it. 

In  the  first  form  of  phonograph  constructed,  the  reading  or  talking 
mechanism  consisted  of  a  duplicate  diaphragm  held  in  a  tube' at  the  other 
side  of  the  cylinder,  but  in  the  perfected  instrument  one  diaphragm  is 
made  to  act  ooth  as  recorder  and  talker.  The  cvlinder  is  pushed  back 
to  its  first  position,  and  the  crank  b  again  turned  so  that  it  traTcls  once 
more  over  the  same  ground.  The  little  point  on  the  diaphragm  onoe 
more  finds  its  way  into  the  indentations  m  the  till4oil«  and  as  it  thus 
steps  in  and  out  of  its  own  footprints  the  diaphragm  vibrates  and  gives 
out  the  sounds  originally  spoken.  The  details  of  construction  of  thb 
curious  instrumcDt  are  snown  in  the  section.    (Fig.  235.) 

It  is  not  surprising  that  a  machine  capable  of  such  wonderful  doings 
should  have  attracted  the  notice  of  every  person  who  could  read  or 
think ',  and  its  first  appearance  in  this  country  created  quite  an  exdie- 
ment.  As  usual  in  cases  of  the  kind,  the  most  absurd  notions  as  to  the 
capabilities  of  the  little  machine  were  speedily  promulgated,  and  even 
thoughtful  people  were  induced  to  raise  wondrous  dreams  as  to  its 
possioilities  in  the  future.  I  quote  once  more  from  the  article  before 
alluded  to : — *'  We  have  already  pointed  out  the  startling  possibility  of 
the  voices  of  the  dead  being  reheard  through  this  device,  and  there  is  no 
doubt  but  that  its  capabiuties  are  fully  equal  to  other  results  quite  as 
astonishing.  When  it  oecomes  possible,  as  it  doubtless  will,  to  magnify 
the  sound,  the  voices  of  such  singers  as  Parepa  and  Titiens  will  not  die 
with  them,  but  will  remain  as  longj  as  the  metal  in  which  they  may  be 
embodied  will  last.  The  witness  in  court  will  find  his  own  testimony 
repeated   by  machine,  confronting    him    on   croM^ezamination,   the 
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testator  will  repeat  his  lost  will  and  testament  ioto  the  machine,  so  that 
it  will  be  reproduced  Ju  a  way  that  will  leave  no  question  as  to  his 
deTising  capacity  or  sanitj.  II  is  alreadj  possible,  b;  ipgenious  optietl 
contrivances,  to  throw  stereoscopic  pholoRrapha  ot  people  on  sereeiis  ia 
fall  view  of  an  aadieuce.    Add  the  talking  phonograph  to  coanterfeit 


•SapEngo,    r,  mcUUIc  point  of  it^liu  10  Indent  Unroll  on  ths  c]>Under,  c 
■Qiwrt  to  bold  tta«  ityloB  rlgiiiy  m  poiltUjn.    Tbe  Iwo  round  coabioni  Ken  uHTa  109 
Itjlua  uipUcttoriDdU'rotiHr  tablD^Io  deaden  the  unnd,  wbicli  otb«tiri«o  wouki  be  (00 
■Mtiltle  in  dkuKt«r.    i,  tdjuboeDI  Krev- 

theii  voices,  and  it  would  be  difficult  to  carry  the  illusion  of  real 
presence  much  further." 

Such  ideas  as  these  have  been  copied  and  re-copied  into  various  papers, 
until  dibhj  people  believe  in  them.  But  those  who  have  actually  heard 
the  phoDOgrapn  will  acknowledge  that  very  much  has  yet  to  be  done 
before  any  particular  voice,  however  familiar,  could  be  recognised  by  its 
aid.  There  is  no  doubt  whatever  but  that  it  is  a  marvellous  in»ention, 
bnt  beyond  being  a  wonderful  curiosity^  it  is  not  likely  in  its  present 
form  to  be  of  any  particular  use  to  mankind. 
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Tlie  London  Stereoscopic  CommuiT,  to  whom  I  am  indebted  far  \k 
use  of  tiie  cuts,  Eigs.  234  and  235,  nave  the  excinuve  ri^  to  exbibit 
ly^d  sell  the  phonograph  in  this  country. 

It  seems  out  natural  that  Mr.  Edison  should  haTe  earl^f  tununi  he 
attention  to  telephonic  phenomena.  His  first  exfieriments  m  this  dim- 
tion  were  guided  bj  the  preyious  attempts  of  Reiss,  but  he  soon  stnd 
out  into  a  fresh  track,  and  produced  an  instrument  which  is  knovnas 
Edison's  carbon  transmitter.  Its  main  feature  is  a  button  of  cnte 
made  of  compressed  lamp-black.  In  common  with  other  imperto 
conductors  of  electricity,  carbon  possesses  the  property  of  Tarjing  its 
resistance  with  variations  of  pressure.  And  in  this  telephone  sod 
variations  are  caused  by  the  action  of  sonorous  vibrations  nposa 
diaphragm  placed  above  the  carbon  button.  The  latest  form  of  tk 
instrument  is  that  of  an  ebonite  ring,  about  the  size  and  shape  ct 
those  old  turnip  watches  which  our  grandfathers  used  to  cany  in  tlteii 
fobs.  Tn  practice  it  is  placed  in  circuit  with  a  battery  and  a  receiriBg 
instrument  at  the  further  end  of  the  line  wire.  I  have  often  used  tbis 
transmitter  with  a  Bell  telephone  as  receiver,  and  the  resulting  sooads 
have  been  most  distinct.  Mr.  Edison  has  produced  some  other  iostn- 
ments  in  which  the  same  principle  is  employed,  notably  the  mitso- 
tasimeter,  which  is  so  exauisitely  sensitive,  that  the  heat  of  the  hu^ 
held  ten  yards  from  it  will  cause  the  deflection  of  a  galvanometer  needle 
placed  in  circuit  with  it. 

But  the  latest  form  of  telephone  produced  by  this  fertile  inventor  is 
that  known  as  the  "loud-speaking  telephone."  This  instrument  I  ^ 
the  honour  of  lecturinc;  upon  at  the  Polytechnic  Institution  for  bubj 
weeks,  and  the  astonishment  which  its  performance  created  among  tk 
audience  was  immense.  My  assistant  was  stationed  at  a  house  is 
Cavendish  Square,  and  the  sole  communication  between  us  wis  t  &k 
copper  wire.  The  sounds  given  out  by  the  instrument  were  easilj 
heard  by  everybody  in  the  large  theatre,  and  it  was  not  an  javsm 
circumstance  for  one  of  the  audience  to  suggest  that  some  one  vts 
hidden  near  the  instrument,  and  that  the  voice  came  from  ilMi,  and  not 
from  the  telephone.  On  more  than  one  occasion  my  assistant  at  tk 
further  station  sang  a  song,  or  placed  a  comet  solo  which  was  acooo* 
panied  on  the  piano  at  tne  receiving  end.  This  will  show  how  reaUr 
loud  the  sounds  must  have  been,  to  allow  of  such  treatment ;  indeei 
the  instrument  has  more  than  once  been  called  "the  shouting  tele- 
phone," and  that  term  by  no  means  conveys  an  exaggerated  idea  of  it» 
capabilities. 

The  action  of  the  instrument  is  entirely  different  to  every  tdepboK 
which  preceded  it,  and  is  three-fold — namely,  electrical,  chemical,  id 
mechanical.  To  understand  the  principle  upon  which  its  action  is 
based,  I  must  briefly  refer  to  a  little  experiment  which  any  one  in  tbe 
possession  of  a  battery  cell  cau  easily  tr^  for  himself. 

A  slip  of  blotting  paper  moistened  with  a  weak  solution  of  caustic 
potash  is  laid  upon  a  metallic  plate.  This  plate  is  connected  with  the 
positive  pole  of  the  battery.    The  negative  pole  is  connected  with  a  slip 
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of  brass,  tipped  with  a  facing  of  platinum.  A  key  (like  that  used  in  the 
Morse  sounaer)  is  included  in  the  cironit  so  that  contact  may  be  made 
or  unmade  whenever  desired.  Upon  dragging  this  metallic  slip  upon 
the  surface  of  the  paper,  and  exercising  some  little  pressure  upon  it, 
there  is  necessarily  a  certain  amount  of  friction  which  would  unaer  any 
circumstances  mimifest  itself  between  two  surfaces  rubbed  together. 
But  directly  the  key  is  depressed  so  that  the  current  is  allowed  to  pass, 
this  friction  seems  to  vanish,  and  the  metal  glides  over  the  paper  as  it 
would  traverse  a  piece  of  ice. 

There  are  two  ways  in  which  this  strange  phenomenon  can  be  ex- 
plained, or  rather,  perhaps  I  ou^ht  to  say,  two  theories  have  been 
advanced  to  account  for  it.  Possibly  they  may  both  be  wrong,  but  in 
the  absence  of  anything  more  plausible  we  may  for  the  present  give 
them  consideration.  The  first  is,  that  the  potash  employed  may  under 
the  action  of  the  electric  current  give  off  minute  bubbles  of  gas,  and 
that  these  bubbles  form  so  many  cushions  of  vapour  upon  which  the 
metal  slips.  The  other  theory  suggests  that  the  salt  may  m  infinitesimal 
quantities  be  reduced  to  the  metulic  state,  and  that  the  friction  is  thus 
greatly  reduced. 

Whatever  be  the  true  explanation  of  this  curious  phenomenon,  Mr.  Edison 
has  turned  it  to  excellent  account  inhis  loud-speaking  telephone,  the  interior 
arrangements  of  which  ma^r  be  under- 
stood oy  a  reference  to  the  diagram  (Fi^. 
236).  A  is  a  cylinder  of  chalk  which  is 
momded  upon  a  metallic  roller  or  reel, 
and  which  is  rotated  upon  a  handle 
which  projects  outside  the  instrument. 
This  chalk  is  impregnated  with  caustic 
potash,  or  some  other  chemical  prepara- 
tion which  acts  under  the  electric  current 
in  the  manner  described  in  the  experi- 
ment just  noted.  This  chalk  cylinder, 
in  fact,  takes  the  pUce  of  the  blotting 
paper  there  mentioned.  Pressing  upon 
the  cylinder,  hj  means  of  the  india- 
rubber  pad,  C,  IS  a  little  metallic  arm, 

B,  faced  with  platinum,  the  further  end  ^  ^^  iMiffrwn  to  eiplain  the 
of  this  arm  bemg  fastened  to  the  centre  action  of  the  looSKpeaking  teiephooe. 
of  a  4-inch  diaphragm  of  mica,  D.  It  will 

be  evident  that  when  the  cylinder  is  turned  on  its  axis  the  friction 
generated  between  the  arm,  B,  and  the  surface  of  the  chalk,  will  cause 
such  a  pull  upon  the  mica  diaphragm,  that  it  will  assume  a  slightly 
concave  form,  but  directly  the  electric  current  is  caused  to  pass  between 
A  and  B  the  friction  is  reduced  by  that  curious  slippery  effect  already 
alluded  to,  and  the  diaphragm  springs  back  to  its  normal  position.  This 
arrangement  is  so  sensitive  to  minute  variations  of  friction,  that  the 
alterations  of  the  strength  of  the  current  caused  by  a  voice  speaking  to 
a  carbon  transmitter  are  immediately  translated  into  corresponding 
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Tarutioni  of  frictioii,  the  mica  dUpbrwn  TibritM  to  ererj  auk  im 
tkm,  and  the  Bonitdi  are  repradaced.  It  most  be  noted,  too,  tlul  tk 
Hunds  are  iDcreased  rather  than  diminished  in  their  inteuit;  b]  Ua 
bwuiuiasioii  throogh  the  sjatem.  In  the  fint  inttrament)  pTMiictd  t 
was  round  necessar;  to  oouatautlj  moisten  the  BurTaoe  dI  t^  c^, 
but  in  the  later  form  which  baa  been  adopted  this  incoDTuuEUi  > 
altogether  obfiated. 


I  will  now  explain  how  the  Edison  telephone  STsten  is  adapted  to  ik 
wants  or  eTerr-daj  bnainess  life  in  London.  At  a  central  stitim  i 
the  cit?  is  sitoated  the  telephone  eicbange,  to  which  the  nnw 
,  wires  connected  with  different  offices  where  the  telephoK  h»  *" 
adopted  are  carried.  These  wires  are  Joined  np  to  what  it  c>Wl> 
switch-board,  in  front  of  which  sita  the  clerk  in  charge.  Wo  *iU jl^ 
^  bis  side  for  a  few  minutes  and  notice  how  the  work  is  carrira  °' 
Freseotl;  a  bell  rings,  and  a  little  disc,  one  of  a  noniber  on  the  nfpcr  ^ 
of  the  board,  drops  down  and  exposes  a  number,  say.  No.  19<  '^^ 
clerk  immedialelj  switches  his  telephone  on  to  the  line  denoted  ij'ff 
fianre,  and  asks  the  applicant  what  he  wants.  The  reply  comes  im"^ 
throngh  the  telephone  as  the  clerk  tonu  the  little  handle,  "Pat  mc  t» 
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to  number  27."  Rj  the  simple  inaertion  of  a  little  metallic  pes  in  a 
particular  hole  in  the  boara,  the  clerk  places  No.  12  and  Nu.  27 
into  communication.  Now  No.  12  may  represent  some  merchant  at 
the  vest  end  of  the  city,  and  No.  27  may  be  his  agent  at  the  east  end, 
and  possibly  they  may  be  three  or  four  miles  apart ;  but  by  the  insertion 
of  tnat  Utile  peg  in  the  switch-board,  they  converse  as  easily  as  if  they 
were  in  the  same  room.  In  the  meantime  the  clerk  at  the  eichance  is 
unable  to  hear  a  single  word  they  say  to  each  other.  When  they  have 
finished  speaking  they  ring  the  exchange  bell,  and  both  their  numbers 
drop  as  a  signal  to  the  derk  that  thev  have  done  talking.  In  this  wonderful 
manner  is  conversation  carried  on  between  two  distuit  people  by  means 
of  Edison's  lond-speakinff  telephone. 

The  chief  ofBce  of  the  Emson  Telephone  Company  of  London  is  at 
11,  Queen  Victoria  Street.  The  benents  of  the  exchange  system  can 
be  secured  by  a  subscription  of  £12  per  annum.  Or  a  special  private 
wire  can  be  purchased  for  £19  per  annum.  These  charges  are  extremely 
moderate  for  the  unusual  advanta^  secured. 

I  must  now  pass  on  to  the  consideration  of  another  marvellous  instru- 
ment— ^namely,  the  microphone.  In  first  introducing  this  contrivance 
to  the  notice  of  the  Society  of  Telegraphic  Engineers,  Mr.  Freece,  the 
well-known  electrician  of  the  Post  Office,  made  use  of  the  following 
words : — '*  A  late  member  of  the  present  Ministry  at  a  dinner  given  by 
the  institution  whose  hospitality  we  enjoy  in  this  hall,  implietC  on  the 
authority  of  one  of  the  leading  members  of  the  engineering  profession, 
that  invention,  like  cock-tails,  or  Colorado  beetles,  had  iiLen  root  in 
America,  and  deserted  Old  England.  It  is  therefore  to  me,  as  X  am 
sure  it  is  to  you,  a  great  jg;ratification  to  have  brought  before  us  an 
invention  which  is  the  offspring  of  British  soil."  I  am  certain  that  my 
readers  will  sympathize  with  the  sentiment  thus  expressed,  as  they  follow 
me  in  my  description  of  the  microphone  of  Professor  Hughes. 

The  microphone  may  be  described  as  an  instrument  which  changes 
sonorous  vibrations,  without  the  intervention  of  a  diaphragm  (as  in  the 
telephone),  into  forms  of  electrical  action.  It  also  so  magnifies  the 
original  sounds,  that  it  acts  for  the  ear  much  in  the  same  way  that  the 
microscope  serves  the  eye,  hence  its  name.  At  the  time  when  it  was 
first  invented,  the  most  exaggerated  accounts  of  its  capabilities  were 
published  in  different  newsoapers,  one  especially  remarked  that  the 
breathing  of  a  fly  was  heard  through  the  mstrument  "  as  an  elephant 
bellowing  through  his  proboscis  in  an  Indian  jungle."  Setting  aside  this 
very  fanciful  notion,  it  is  a  fact  that  the  foot-tramps  of  a  commonho  use- 
fly  can  be  heard  loudly  by  means  of  the  microphone,  and  this  no  doubt 
gave  rise  to  the  elephantme  remark  just  quoted. 

The  microphone  is  an  outoome  of  the  ielephone ;  indeed,  without  the 
latter  instrument  the  former  would  have  been  impossible.  Nor  would 
the  extraordinary  sensitiveness  of  Bell's  magnetic  telephone  have  been 
appreciated  if  the  microphone  had  not  told  us  of  what  it  was  capable. 

It  will  be  remembered  that  the  magnetic  telephone  is  auite  independent 
of  battery  power,  but  it  occurred  to  Professor  Hngbes  to  put  it  in 
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Fig.  238.    The  aaU 
miorophone. 


drcnit  with  a  weak  batteiy  onmnt  in  order  to  note  lio w  it  woold  bebtre. 
We  hare  already  seen  in  preiioas  experiments,  and  espedaU j  in  tiMse  of 
Faraday,  how  intimately  connected  is  electrical  action  with  maenedsB, 
and  we  shall  not  therefore  be  mnoh  surprised  to  find  that  iwi  tbe 
magnetic  telephone  is  attached  to  a  battery  current  the  one  reacts  upoa 
the  other.  Professor  Hughes  included  in  the  drouit  with  the  telqihoae 
<>  a  fine  wire  to  which  he  attached  weights  vntil  'i 

V -^  broke.    On  listeninff  through  the    tSephone  k 

^7      li  noticed   that  just  oefore  the  break  oocmred  a 

peculiar  rushing  sound  was  manifest.    He  neii 

tried  the  experiment  of  loosely  binding  the  farobi 

ends  of  the  wire  together  so  that  the  cmrent  stil^ 

passed.    He  now  lound  to  his  surprise  that  bj 

this  simple  means  he  had  hit  upon  a  soaitiit 

detection  of  minute  sounds,  for  every  noiae  in  tke 

neighbourhood  of  the  joined  wires  was  given  oai 

as  a  louder  sound  by  the  oonneded  tekphiae. 

Upon  modifying  the  arrangement  bj  pladng  tvs 

nails  in  the  circuit,  as  shown  in  Fiff.  238,  the  same  results  woe 

obtained.    He  then  tried  a  small  pencol  of  carbon,  fitted  loosely  istc 

holes  in  two  carbon  blocks,  as  shown  in  section  at  Fig.  ^ 

rand  this  form  gave  wonderful  results.  Astomshin^  as  ir 
may  seem,  it  is  a  fact  that  if  an  arrangement  aoeh  at 
this  be  placed  in  a  room  where  ordinary  CQnveivatioB  s 
beiog  carried  on,  the  words  spoken  can  be  distinetlj  hati 
in  a  distant  builcOngb^  means  of  a  telephone  and  a  battery 
placed  in  circuit.  This  little  contrivance  need  not  be  mosf 
than  an  inch  long,  and  it  is  most  conveniently  used  hr 
Fiff.  as9.     being  attached  to  a  vulcanite  pUte,  and  having  bindiaK 

Section  of    screws  fastened  on  the  carbon  blocks  for  the  attaduaeas 
microphone.  ^^  ^j^^  ^^^      ^g^  ^^  g^  j     j^  ^^  ^^^  ^^  ^  ^^^^  ^ 

arrangement  on  a  small  box,  which  acts  as  a  kind  of  aound'hoard  for  k 
Thus  mounted  it  appears  as  shown  in  Fig.  241. 


Fif.  MO.   MieropboBe  on 
ebonite  plate. 


Vis.  Stt. 

mooBtedon 


Another  form  of  microphone  from  which  I  have  obtained  good  .^ 
and  which  perhaps  is  more  sensitive  than  those  aheaiiiy  described. 


TH£  TIXEPHONE,  PHONOGRAPH,  AND  WCBOPHONE.*      259 

sists  of  a  small  pencil  of  oarbon  so  balanced  on  a  brass  piTot  that  its 
end  very  lightly  touches  a  fixed  block  of  the  same  material.  With 
this  form  of  instrument  the  fl^  experiment  can  be  tried.  Pint 
catch  your  fly,  and  imprison  him  m  a  match  box,  which  has  an  opening 
cut  in  it  for  the  insertion  of  a  muslin  window.  Place  this  box  on  the 
wooden  board  of  the  microphone 
(Fig.  242)  (which  is  purposeW  pro- 
longed for  the  reception  of  any- 
thing of  the  kind),  and  on  listening 
through  the  telephone,  the  little 
insect  is  heard  tramping  about  its 
prison  in  the  vain  hope  of  finduie 

an  exit.  If  a  fly  cannot  be  found,  Plg.  242.  Horiiontalbarnucrophone. 
which  is  often  the  case  in  winter- 
time, any  other  small  creature  will  answer  the  purpose.  A  watch 
placed  on  the  stand  will  also  serve  as  a  convenient  test  for  the 
powers  of  the  microphone,  or  a  piece  of  paper  written  upon  with  a 
quill  pen  will  give  very  loud  results.  The  touch  of  a  feather  upon 
the  carbon  rod  is  magnified  into  quite  a  loud  noise,  although  the  sound 
made  without  the  microphone  would  not  be  evident  to  the  most 
sensitive  ear.  These  few  experiments  will  show  what  this  marvellous 
little  instrument  is  capable  of.  The  original  microphone  and  its 
belongings,  which  I  had  the  privilege  of  seeing,  were  made  by  its 
inventor,  and  were  of  the  most  homely  character.  Indeed,  they 
seemed  to  be  made  up  of  match-boxes,  pen-holders,  sealing-wax,  and 
string ;  the  battery  consisted  of  three  small  pickle  bottles,  and  were 
also  of  home  manufacture.  Thus  a  wonderful  instrument  w&s  con- 
structed and  worked  out  by  its  inventor  with  materials  the  value  of 
which  was  only  a  few  pence. 

As  no  doubt  some  of  my  readers  may  be  induced  to  try  and  construct 
a  microphone,  and  mav  find  the  battery  the  only  difficulty,  I  will  briefly 
describe  the  one  made  by  Professor  Hughes,  one 
cell  of  which  is  depicted  at  Fig.  243.  I  have 
chosen  a  gallipot  for  the  cell,  in  lieu  of  a  pickle 
bottle,  because  it  is  easier  to  filL  At  the  bottom 
of  the  jar  is  pkced  a  coil  of  copper  wire  (C),  the 
end  of  which  projects  at  the  top.    The  straight 

Eart  of  this  wire,  where  it  passes  up  the  jar,  must 
e  covered  with  sealing-wax  or  gutta-percha^  in 
order  to  insulate  that  part  of  it  from  the  other 
contents  of  the  battery.    Upon  the  coil  must  be 
poured  enough  water  to  cover  it  about  half  an  inch,  p.    -^    Miowobone 
and  in  this  water  must  be  placed  two  ounces  of     '*  htttuj^ 
sulphate  of  copper  (bluestone),  broken  into  lumps 
the  size  of  a  pea.    Above  the  crystals  the  jar  must  be  all  but  filled 
with  wet  sawdust,  or  clay»  and  upon  this  is  placed  a  round  zinc  disc 
(Z)  with  a  little  band  projecting  from  it.    Three  cells  constructed 
like  this  are  quite  sufficient  to  work  a  microphone  efficiently.    And 
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the  way  in  which  the  varions  parts  are  joined  together  will  be 
understood  from  the  diagram  (Fig.  244).  The  batt^  cells  most 
be  joined  so  that  the  sine  terming  of  one  is  attached  to  tbe  copper 
of  the  next.  In  the  diagram,  B,  B,  B,  are  the  battery  odls,  to 
joined,  M,  the  microphone,  and  T,  the  telephone.  Those  who  meferto 
bu^f  the  instrument  ready  made,  can  obtam  any  of  the  forms  oeie  it- 
scribed  of  Messrs.  Paterson,  of  Bedford  Court. 


Fig.  HL   Tbe  microphone  in  drctiit  with  a  bettoy  and  tdephoiM. 

The  microphone  has  been  turned  to  account  in  more  ways  than  one. 
By  a  special  arraugement  of  it,  known  as  the  spA^ffwwpAoHet  doctors  in 
able  to  hear  all  over  a  room  the  sound  of  a  patient's  pulse,  and  fisdii 
an  infallible  means  of  juddng  of  the  condition  of  the  healrt  (looas 
people  m  love,  beware  0  in  another  instrument,  called  the  a9dimd9, 
the  hearing  capabilities  of  different  people  are  accurately  gto^ 
And  an  aunst  can  test  the  prosress  of  his  patient  from  time  to  tioe, 
and  ascertain  whether  the  remeoies  he  employs  are  having  the  desired 
effect.  There  are  many  other  uses  to  which  the  microphone  cm  ^ 
put,  and  there  is  no  doubt  but  that  its  powers  will  receive  in  tioe  (o 
come  many  new  applications. 
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CHAPTER  XVm. 

BUHKXOBCT'b,  HSABDZB'S,  AXD  BEKTLET's  coil  AFPAKAIU8. 

In  the  course  of  the  popular  articles  on  frictional  and  voliaic  electricitj» 
it  has  already  been  mentioned  that  whibt  the  intensity  effect* — such  as 
the  capability  of  the  snark  to  pass  through  a  certain  thickness  of  air, 
or  the  production  of  tne  peculiar  physiological  effect  of  the  shock— 
belong  especially  to  the  phenomena  of  frictional  electrici^,  thev  are 
not  apparent  with  the  quantity  effeeti^  such  as  may  be  proauced  oy  an 
ordinary  voltaic  battery,  unless  the  latter  consists  of  an  immense 
number  of  elements,  such  as  the  famous  water  battery  of  the  late 
respected  Mr.  Crosse,  which  consisted  of  two  thousand  five  hundred 
pairs  of  copper  and  sine  cylinders,  well  insulated  on  g^lass  stands,  and 
protected  from  dust  and  light.  If,  however,  the  feeble  intensity  current 
of  voltaic  electricity,  from  four  or  five  elements,  is  permifted  to  pass  into 
a  coil  of  a  peculiar  construction,  fitted  with  a  condenser,  and  manu- 
factured either  by  Ruhmkoiff  of  Paris,  or  Mr.  Hearder  of  Plymouth,  then 
the  most  remarkable  effects  are  producible,  which  have  created  quite  a 
new  and  distinct  series  of  phenomena,  and  further  established  in  the 
most  satisfactory  manner  the  connexion  between  the  electricities  derived 
bom  friction  and  ekemicat  action. 

The  construction  of  these  coils  does  not  differ  veiy  materially,  and 
mat  merit  is  due  to  Messrs.  Ruhmkoiff,  Hearder,  and  Bentley,  who 
have  separately  and  independently  worked  out  the  construction  of  the 
most  formidable  machines  of  this  class.  In  a  letter  to  the  author 
Mr.  Bwitley  says : — 

"I  commence  the  formation  of  mv  coil  by  using  as  an  axis  an  iron 
tube  ten  inches  long  and  half  an  incn  diameter;  around  this  is  placed  a 
oonsiderable  number  of  insulated  iron  wires  the  same  length  as  tne  tube, 
and  sufficientljr  numerous  to  form  a  bundle  one  inch  ana  three  quarters 
diameter.  This  core  is  wrapped  (»refullv  in  eight  or  nine  layers  of 
waxed  silk,  the  necessity  of  wnich  will  be  obvious  presently. 

"  My  primary  helix,  which  is  formed  of  thirtv  yards  of  "So.  14  cotton- 
covered  copper  wire,  is  wound  carefully  on  this  core,  and  consists  of 
two  layers,  each  la^er  beingj  carefully  insulated  one  from  the  other  by 
waxed  sDk,  for  I  mid  that  if  a  wet  string  or  fine  platinum  wire  be  con 
nected  with  the  two  ends  of  the  primary  wires  of  an  induction  coil  in 
action,  there  is  scarcely  an  indication  of  an  induced  current  to  be 
obtained  from  the  secondary  wire.  That  this  is  not  owing  to  any 
decrease  of  magneflc  power  is  proved  by  testing  the  iron  core  before 
and  after  the  experiment,  but  is  simply  owing  to  the  central  magnet  or 
coD  exerting  the  whole  of  its  inductive  powers  upon  the  nearest  closed 
circuit ;  it  tnerefore  follows  that  if  the  two  layers  of  primary  wire  are 
connected  by  the  cotton  covering  becoming  moist»  the  whole  of  the 
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indaced  current  will  take  this  path  instead  of  traversing  the  secoodiij 
wire. 

"  Before  describing  my  secondary  wire  I  mnst  again  call  aitenikm  to 
the  important  fact  that  the  magnetism  of  the  iron  exerts  its  iodactiTe 
power  upon  the  nearest  conducting  medium ;  and  I  have  oaostzncted 
an  instrument  to  demonstrate  this  Fact.  It  consists  simply  of  an  cdi- 
nary  coil,  giving  the  third  of  an  inch  spark,  but  haTing  the  foni  imff 
layers  of  secondary  wire  brought  out  separately.  Now,  I  find  tbit 
waen  I  keep  the  ends  of  this  wire  separate  I  obtain  nearly  the  tiuid  of 
an  inch  spark,  but  when  I  connect  them  metaliicallv  I  can  obtain  no  m- 
tensity  spark  whatever  from  the  seventeen  ooils  which  surroand  then. 

"  It  follows  from  this  that  before  winding  the  secondaiv  viie  tk 
striking  distance  of  a  single  layer  must  he  ascertained,  and  I  find  that  vitii 
my  coifl  can  get  a  spark  one-tenth  of  an  inch  lon^  from  one  coil  of  vH 
and  sufficiently  intense  to  penetrate  with  facility  six  layers  of  waxed  si. 

"  Waxed  silk  is  therefore  unsuited  for  the  insulation  of  large  cdk, 
and  I  find,  after  numerous  experiments,  that  there  is  no  substance  so 
fitted  for  the  purpose  as  gutta-percha  tissue,  and  I  use  fire  layen  d 
this  substance  to  each  layer  of  wire.* 

"  The  secondary  helix  then  consists  of  three  thousand  yards  of  I^o*  ^ 
silk-covered  copper  wire,  and  is  insulated  in  the  manner  described  aboTt; 
but  as  I  do  not  use  cheeks  to  my  coil  it  assumes  the  form  of  a  cjlindu 
having  rounded  ends. 

" I^r  the  protection  of  this  instrument  I  place  it  in  a  mahopDrbo^ 
of  the  proper  size,  and  it  is  supported  and  retained  in  its  position  bju 
iron  rod,  which  is  thrust  through  the  hollow  axis  of  the  core  and  tbe 
two  ends  of  the  box,  leaving  half  an  inch  of  the  iron  projecting  to  work 
the  contact  breaker,  which  is  fixed  to  one  end  of  the  box,  while  tk 
two  ends  of  the  secondary  wire  are  brought  out  of  the  other  thnugt 
gutta  percha  tubes. 

"  The  condenser  is  contained  in  a  senparate  box,  and  is  formed  of  oae 
hundred  and  twenty  sheets  of  tinfoil  between  double  that  number  o^ 
sheets  of  varnished  paper,*  the  alternate  sides  of  the  foil  being  bioagfit 
out  and  connected  to  appropriate^  binding  screws. 

"  This  condenser  forms  a  convenient  stand  for  the  coil,  and  can  ^ 
used  for  many  interesting  experiments." 

The  shock  which  the  condenser  g[ives  to  the  system  depends  in  & 
great  measure  on  the  size  of  the  coatings.  The  primary  wire  alone  does 
not  produce  any  physiological  results,  or  at  least  very  feeble  ones.  Mr- 
Hearder's  coil  is  wound  on  a  bobbin  six  inches  in  leneth,  and  fourincbe 
and  a  half  thick,  and  includes  three  thousand  yarc&  of  covered  vue 
(No.  35).  The  iron  core  consists  of  a  bundle  of  small  wires  capped 
with  solid  ends,  and  the  sparks  obtained  from  it  we»  five-eighths  of  ik 
inch  in  air  when  the  primary  coil  was  excited  by  four  pairs  of  Gfores 
series ;  and  when  connected  with  the  Leyden  jar,  the  most  vigorous 
and  brUliant  results  were  produced.  The  condenser  is  made  oif  car- 
tridge paper,  coated  in  the  proper  manner  with  tinfoiL    The  sec^' 

*  Paper  unvregnated  with  ptrafln  is  now  oommonlj  OMd  far  tbisimnwi^. 
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darj  ooil  b  qnite  independent  of  the  primaij  one,  which  w  lud  on  in 
diftrent  lengths,  so  that  the  coil  can  be  adjnated  to  anj  hatterr  ponrer, 
whether  for  qoantitjoriiitenaity.  i-      -i  ■ 

For  the  successful  eihibition  of  the  o«Babilitjea  ot  the  machine,  it  is 
required  to  perform  the  eiperiments  in  a  dwkened  nam.  (Fig.  345.) 


In  using  this  apparatus,  eight  pairs  of  Grove's  battery  will  be  quite 
sufficient  to  produce  the  effect  and  the  areatest  care  maat  be  taken  to 
«Toid  the  ihock,  which  is  most  severe  and  painful,  and  might  do  a  great 
dealofharmtoawcaklj, 
aensitire,  and  nervous  /  ■ 


accident!  of  this  kiii< 
the  eonrenient  arrange- 
ment at  one  end  ahown 
in  Fig.  S16  must  be 
carefimj  attended  to, 
and  when  manipulating 
with  any  part  of  the 
apparatus,  if  the  bat- 
tery is  attached,  the 
contact  should  first  be 
broken  bj  biinging  the 
ivory  (the  non-conduct- 
ing) part  of  the  cy- 
linder A  (^g.  m)  m 
com  "nnnieation  with  the 
conductora,  b  b,  where  the 


bait  off  bjlha: 


IS  from  the  battery  are  attached. 


Firi/  Experimeni. 

It  is  at  the  other  extremity  of  the  coil  that  the  eiperimenta  are  per- 
formed; for  instance,  if  an  exhausted  globe  is  connected  with  the 
C"'ua  B  B  (Fie.  S23),  and  the  conneiioo  made  with  the  batteiy,  a 
utiful  faint  btue  light  is  apparent  on  one  of  the  knobs  and  wires,  and 
by  reversing  the  cnnent  the  jjght  appears  on  the  other  knob  and  wire. 
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This  elect  U  supposed  to  nxm^  mm 
of  those  inagniScent  streaks  and  n^ 
latiotis  of  coloared  light  c^led  tkAi' 
rara  Borenlis ;  aniif  toe  globe  iinw^ 
from  t)je  root,aiidsGrewed(nitoAe^ 
pump  plate,  and  s  little  alcoW,  i^ 
□aphtuai,  or  turpeatioe  plaoed  oi  *i» 
or  tow  is  held  to  the  air-pnnip  krt, 
where  the  air  iisualij  rushca  in,  ai<^ 
cock  turned,  so  that  the  racuiun  ei- 
Arojed,  a  quantitj  of  the  npouii 
necessarily  fill  tbe  globe ;  and  iT  tb  ■ 
once  more  eihausted,  it  prsait  i 
di£erent  appearance,  being  foil  o( » 
loured  ligbl  (varjingac  '  ''^ 
spirit  emplojed)  but  s' 
-  circular  form.    {Fig,  2*7) 


SeeoKd  SxperitutU. 

Th«  appeuanoe  of  these  bands  of  li|;ht  is  modified  bj  the  Bitan  ^J 
the  kIms  tubes  employed,  and  the  subject  has  been  earefallTiDTeatigw° 
by  Mr.  Gassiott.  At  odo  of  the  meetings  of  the  British  AssociilM  * 
AoerdeeD,  Ht.  Roblason  made  varions  eiperimentt,  uransed  b;^- 
Ladd,  for  the  purpose  of  ahoving  the  ooDoection  betvKn  taese  inn'*' 
ture  eff^ts  of  bauds  of  light  in  tubes  containing  tarioos  gasei,  ud  iv 
phenomena  of  the  Aurora  Borealii.  The  title  of  the  diiooune^'w' 
was  speciftllj  delivered  iu  the  Music  Hail  bj  the  learned  !)■»■' 
va«  "On  Elecbical  Dischargea  in  HighlT-nreOed  Media,"  »>  " 
was  illustrated  bj  eiperiments  jireptred  dj  Mr.  Gaasiott  sni  V' 
Ladd. 

The  kind  of  tabes  emplojed  mai  be  onderstood  from  the  imt  sgiit- 
Thej  are  made  in  Oermanj,  and  Djr  approaching  a  powerful  ki^  '" 
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the  ouUide  of  anj;  oF 
the  ffUaa  tubes  irbilst 
the  Dinda  ot  light  ue 
bemg  prodaced,  the 
moat  remarkftble  mo- 
dificatioas  ofthem  &re 
obtained.  Mr.  Ladd 
haa  monated  one  of 
these  tubes  in  a  rota* 
torj  amngement  li- 
milu  to  that  de- 
scribed at  page  156. 
WhcD  coimectftdiTttti 


moat  loTelj  "  elec- 
tric fire-wheels"  that 
can  pouiblf  be  de- 
aeribed.  (Fw.  S18.) 
Mr.  OrOTe  placed  a 
piece  of  carelollj- 
dried  pbospboius  m 
a  little  metallic  cup, 
and  corered  it  with  a 
jar  haling  a  cap  aod 
wire.  On  remoTing 
'r  from  the 


ceiTer,  and  pauiog    t™  tnUed  in  ii,  ukI  tht  *ii 

the  current  of  elec-    dnetiiw  wi™  to  a  —  ■' 

tricitj    through     it    ttn^u^-i^J*' 

from  the  Sohmkorff  coil,  he  obtained  a  light  completely  atratifled,  and 

blended  transverselj  with  straight  hut  vibrating  duk  bands. 


When  two  verj  thin  iron 
wires  are  arranged  in  the 

upright  pillani  (Fig.  847), 
and  held  sofficientlj  cloae  to 
each  other,  as  in  Fig.  219, 

Sht  pastes  from  one  to  the 
ler.   ""      


light    passes 
the  other  bec( 


■e  from  which 


the 

told,  tEe  otter  becomes 

JM  that    it  melts    into 

little  globnle  of  liquid  iron,  and  if  paper 

x^idly  takes  fire.    (Fig.  U9.) 


Ftf.lU.    Kiltlmartbl  Iron  win. 

held  between  the  wires  it 
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lud  bToUni  or  Ifae  (ircnit. 


FoarU  Siperinal. 

BemOTe  the  \mt. 
AttMih  two  wins  lo 
X  X  (Fig.  260).  M 
them  so  u  at  ^Msut 
to  complete  uu  int"' 
rapt  the  gsltuic  ciielc- 
Two  other  wins  vt  il 
laehed  at  r  r,  lb>^' 
ends  beii^  sbont  tiii«- 
qoarten  of  in  it^ 
unnder.  When  the  mi- 
rent  is  closed  «  bn^ 
at  A  A,  a  spuk  pue 
between  BB.  (Kg.  i^') 


lyU  EzperimeiU. 

A  Lejden  jar  mar  be  charged  and  discharged  with  singotac  nniiK; 

when  connected  with  the  coil,  and  the  snapping  noise  i»  so  r^«  «* " 

ptodaoH  a  oontinnons  ahaip  sound.    (Fig.  251.)    If  »  pi«e  «  W 


is  held  between  the  ball  of  the  Lejdeu  jtu  and  the  win,  it  ii  iiuUiilJ; 
perforated,  but  not  set  on  fiie. 
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Sixth  Sxperimenl. 
When  the  Ijerden  jar  is  coated  with  spangles  of  tinfoil,  a  spark 
■ppeare  at  each  break,  and  the  whole  jar  is  bt  np  with  hundreds  of 
bmliant  sparks  each  time  it  is  charged  and  diachar^,  and  as  this 
ocean  with  afnnTJug  rapiditv,  the  li^ht  is  almost  contmnoas.  (No,  1. 
Fig.  263.)  The  laner  the  Levden  jbt,  the  shorter  the  apark,  aud  vice 
vfnd.  B;  the  empfojment  of  a  ucelj-made  screw  and  mcb-scale,  the 
distance  between  the  discharging  points  connected  with  a  Lejden  jar 
con  be  accurately  determined ;  and  Mr.  Hearder  states  that  supposing  a 
Lejden  jar  has  one  square  foot  of  charging  surface,  it  will  give  a  spark 
of  one  inch  in  length,  but  if  a  smaller  jar  is  used,  with  only  half  a  squATo 


ny,  ua,— No.  1.  BpmglHl  Lsidm  Jw. 
Ita«  toctti  oC  ipuk  for  Ltjrdrn  Ju  lul  oi^ 
•pui(ls  to  puM  OD  a  Lcjijenjar. 

foot  of  charging  snrrace,  the  spark  irould  be  about  one,  mch  and  a 
quarter  in  length.     (Kg.  262.) 

SmeKli  Sxperiment. 

The  direction  and  rapidit;  of  the  current  appear  to  influence  greatly 
the  beating  and  fire-givuig  power  of  the  coil,  and  the  following  experi- 
ment, devised  by  Mr.  Hearder,  furuighes  a  curious  illustration  of  this  fact. 

When  the  current  passes  in  the  direction  of  the  arrows  (Tig.  3B3), 
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ic  pUtitmm  vire  renudu  p^eetlj  oool  whOit  the  gaapof^itr  is  bid; 
id  the  oontnrj  takes  pUoe  if  the  cnireot  is  rerennt- — ris-,  tbe  go- 


powder  doe>  not  blow  up,  but  the  pUtmnm  wire  is  heated.     In  the 
seeond  experiment,  a  Lejden  jtz  b  inolDded  in  the  ciionit.   (Fig.  S63.] 

SigUi  EiptrimMt. 

AmcnigBt  so  m&n;  beautiful  experiments,  it  is  somewhat  difficult  to 

9t.J  which  is  the  moat  pleasing,  but  for  softvss  and  exquisite  coloimo^ 

with  the  continuous  vibrating  motion  of  the  flowing  coirent  of  eke- 

tricit^r,  nothing  can  Burpau  "the  cascade  experiment.      [Ttus  beaaliful 


experiment  is  nsnaUj  leimed  "Oasaiott's  Cascade,"  and  is  thas 
scribed  hj  that  gentleman.  Two-thirds  of  a  beaker  gbss,  faor  inefaei 
deep  b;  two  inches,  are  coated  with  tinfoil,  leaving  one  inch  and  a  half 
of  the  apper  part  unooated.  On  the  plate  of  an  air-pomp  is  placed  a 
glass  plate,  and  over  it  the  beaker,  corering  the  whole  with  an  opo- 
monthed  f^ass  receiver,  on  which  is  placed  a  brass  plate  having  a  tkidL 
wire  passing  throogh  a  collar  of  leather ;  the  portion  of  tbe  wire  within 
"•- ■ —  -s  covered  with  a  glass  tnbo;  one  end  ot  the  a ■■ — 


coil  ia  attached  to  this  wire,  and  the  other  to  the  plate  of  the  p 
&S  the  vacuum  improves  the  effect  ia  verr  surprising ;  at  fint  a  &inl 
dear  bine  light  appears  to  prooeed  from  tbe  lower  part  of  the  faeaka 
to  the  plate;  this  ^ndoallj  becomes  brighter,  until  bj  slow  c 


:t  wUeh  b 


it  rises,  increasing  in  brilliancj  until  it  arrives  at  that  part  w 

opposite,  or  on  a  line  with  the  inner  ooating,  the  whole  being  i: 
tenae^  illuminated ;  a  diacha^  then  commences,  as  if  the  dectik 
floid  were  itself  a  material  body  running  over.]  Iliis  result  b  (^ 
taiiked  by  coatins  the  inside  of  a  handsome  glass  eoblet  wiUi  tinfoil, 
uid  placing  it  un^er  a  jar  fitted  with  a  collar  of  le^ier  and  ball,  and 
arranged  in  the  osual  manner  on  the  air-pnmp.  Directly  a  vaeoDH  is 
obtained,  the  ball  ia  moved  down  to  the  inside  of  the  goblet,  and  tbe 
wires  from  the  coil  being  attached,  a  continuous  series  of  strcaas  of 


HBABDEBB  EZPKRlUSKTa. 

electric  light  seem  to  overfloir  the  goblet  all  rouud  the  edge,  u  .. 
stands  then  the  ten  embodiment  of  the  brimming  cap  of  fire,  and 
emblematical  of  the  dangers  of  the  wine-cap:    (Fig.  S61. 


FtclH.    Oudotf)  CiKtdt 


If  a  piece  of  wood  five  inchea  long  and  half  an  inch  square  is  pieced 
OD  the  table  of  the  discharger,  and  one  win  bronght  on  to  the  top  edge 
and  the  other    ap-  ^^r-^ 


space  bet  Teen  them 
moistened  with  the 
atroDgest  nitric  acid, 
a  curious  effect  b 
visible  from  the 
creeping  along  of 
thenre,irhichgrsdu- 
all;  carbon  IMS  and 
bnrna  tbe  wood. 
(Fig.  255.) 


bot's  platbook  or  bcskmce. 
TaUi 


A  glass  plate  wetted  with  gnm,  ud  then  aprinkled  with  nrkm* 
filings  of  iron,  zinc,  lead,  eopper,  &c.,  prodaces  a  Teiy  picttj  eflect  of 
defl^^tion  as  one  of  the  condncting  wires  is  moved  over  its  suitece, 
the  other  of  course  being  in  contact  with  the  plate.  The  gmn  qiiicU; 
dries  bj  potting  the  plate  in  a  moderatclj-lteated  oTen. 
Elev^lk  Experimeni. 

When  the  eontinnons  discharges  Cmm  the  Letden  jar  are  made  ta 
pass  through  the  centre  of  a  large  lump  of  cnrsttu  of  alom,  bine  ntritd, 
ur  ferroprussiate  of  potash,  &c.,  the  whole  of  the  crystal  is  beantifnlbr 


nr.  25*.  1.  Tbe  Lajlen  ]u.  ■.  Urge  himp  of  ■Imn,  with  %  hala  bond  Uinuti  it 
In  k  Hue  itlUi  o  d.  The  llwBugliig  urirn  ut  ttrogirht  wtlhls  thr«*4ig)iUii  of  u  loch  of 
ndi  otiur,  ud  th(  vhole  ojiW  !•  llgbled  up  within  IxlUitst  (dtcMa  ipukL 

lighted  up  during  the  passt^  of  the  electricity  from  one  vire  of  the 
discharger  to  the  other.    (Fig.  366.) 

Tieel/ti  Expmmeni. 

When  a  piece  of  paper  slightly  damped  is  placed  between  the  wires  of 
the  discharger,  the  spaik  is  increased  to  a  much  greater  length,  on 
account  of  tne  conducting  power  of  the  water  contai^  in  the  pores  of 
the  paper ;  and  taking  all  things  into  consideration,  the  author  consideri 
he  has  witacased  the  grandest  effects  from  the  coil  inrented  and  con- 
structed hj  Mr.  Hearder,  the  talented  lecturer  and  electrician  of  the 
West  of  England. 

JlUiieaUA  Ezperimeni. 

Electro-magnetic  coil  machines  have  been  empiojed  for  a  rerj  con- 
tidenble  time  in  aUcTiating  certain  of  "  the  ills  which  flesh  is  heir  h^' 
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bj  the  >dminutration  of  shocks.  These  m«j  be  so  regulated  as  to  be 
bardlj  perceptible,  or  maj  be  so  powerful  that  the  pun  becomes  abso- 
Intol;  intoleraltle. 

These  coils  are  now  made  self-acting,  and  consist  of  two  coils  of 
covered  and  insulated  wire  wonnd  round  a  bundlo  of  soft-iron  wires, 
with  the  neccssarj  connecting  screws  for  the  ToltaiG  batterj.  The  con- 
tact with  the  battel^  ia  made  and  hroken  with  great  rapidity  by  a  simple 
form  of  break,  consisting  of  a  tinned  disc  of  iron  held  by  a  spring  over 
the  axis  of  the  bundle  of  ir«n  wires :  and  the  continual  noise  of  the 
break,  which  is  altenwtelj  attracted  down  to  the  bundle  and  brought 
back  bj  the  spring,  when  the  coil  is  iu  contact  with  the  battery,  demon- 
strates (without  the  pain  of  taking  the  sboek)  when  the  inatrament  is  in 
full  wotldog  order. 

The  coil  machine  is  not  only  useful  in  a  medical  point  of  new,  but 
when  properly  arranged  offers  a  good  reception  to  a  run-away  bell- 
ringer,  and  is  an  excellent  preventive  against  illicit  attempts  at  cheap 
ri^  bj  small  boys. 


Flf.  217.    Bar,  nUntljr  Oaifail.  batalad  dooloi'i  oni^a  i 


Most  of  the  eipcriments  detailed,  as  well  as  a  large  number  of  othei^ 
can  be  performed  on  a  small  wade  with  the  miniature  coils  now  sold 
by  most  optioians.  A  capital  battery  for  use  with  a  small  coil  is  the 
Bichromate,  and  the  bottle  form  (Kg.  268)  is  the  most  convenient.  It 
consists  of  an  outer  glass  jar,  containing  two  carbon  plates,  between 
which  is  a  plate  of  zinc.  To  charge  this  battery  two  otmoes  of  bichromate 
of  potash  must  be  dissolved  in  ooe  pint  of  hot  water.  When  oold. 
sulphuiicacid  is  added  in  the  proportion  of  one  part  of  acid  to  every  IS  of 
solution.  The  bottle  is  filled  with  this  mixture  op  to  tbe  shoulder,  the 
neck  being  left  empty  for  the  reception  of  the  lino  plate  when  the  battery 
is  not  in  use.    The  great  oonveuence  of  this  battery  lies  in  the  facility 
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a  required.    HoreoTer,  it 
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with  which  it  cui  be  put  in  action,  or  left  idle  u 

giTM  off  no  tumei,  like  those  of  Grove  or  Banw.. 
VaCDmn  tabes  are  now  constructed  in  all  kinds  of  ingenious  derioea, 

and  Messrs.  Cetti,  of  Biooke  Street,  Eolbom,  make  them  to  anj  patl«m 
reqaired.  Some  of  these  are  sbownin  Fif(.360.  Hanr 
of  the  tabes  are  made  of  different  kinds  of  glass,  ana 
some  are  char^  with  coloured  solutions,  which  grestlj 
increase  the  effects  produced. 

OF  late  jears  the  ooDstmction  of  the  Induction  coil 
has  been  carried  to  venr  great  (lerfection,  and  sereral 
modi&eations  have  been  adopted  bj  which  the  lesnlts 
have  been  much  increased.  In  large  coils  the  wirea 
are  generallj  wound  in  sections,  separated  b^  vqI- 
canite  discs.  In  the  annexed  cut,  the  edges  of  thcM 
discs  are  well  seen. 

The  moat  perfeot  coil  in  existence  is  probablf 
that  of  Mr.  Spottiswoode,  F.R.8.,  who  receutlr  exhibitM 
some  experiments  b;  its  aid  at  the  Eojal  uistitalion. 
It  has  two  primarj  coils,  either  of  which  can  be  used 
aooordiug  to  the  nature  of  the  subject  under  inreatiga- 
tiOD.  One  is  made  of  much  thicker  wire  than  the  other, 
and  gives  short,  thick  sparks,  suitable  for  apeetroecopic 

work.    The  other  is  used  for  more  general  porposes,  and  wilt  give  a 

spark  42  inches  in  length.    It  weighs  67  lbs.    The  leoondar;  coil 
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throDgh  whidi  these  effects  are  indttctd  contaba  wire  of  ft  total  length 
of  two  hundred  aod  eight;  miles,  a  length  which  would  very  nearlj 
ODTer  the  distance  between  London  and  Cailisle. 

I  need  hardlj  9«t  that  a  shock  from  a  coil  of  this  site  would  mean 
instant  death.  It  Las  more  than  once  been  proposed  that  oriminala 
ehonld  snffer  the  last  penalty  of  the  law  bj  suck  means  as  this.  It  has 
also  been  suggested  that  sheep  and  cattle  could  be  more  mcrcifoll;  put 
to  death  bj  sacb  an  instrument  than  b;  the  usual  slaughtering  process. 
But  a  more  ready  and  far  less  costly  means  of  atlaiuing  the  same  end 
is  pointed  out  by  some  eiperineats  which  were  lately  succesifnlly 
carried  out  at  Dudley.  Two  horsri  and  a  donkey,  who  had  reached 
that  period  in  their  eustenoe  when  thej  are  of  no  luither  i      ' 


lini^  state,  were  the  Tiotims  experimented  upon.  A  cartridge  of 
dyiuunite  (a  preparation  of  that  fearfnUT  eiplosive  compound  called 
nitro-glycerine)  was  tied  on  to  each  animal's  forehead.  These  cartridges 
were  furnished  with  eiplosive  fuses,  and  were  in  circuit  with  an  electric 
battery.  A  touch  of  the  wires  exploded  the  cartridges  simultaneously, 
and  the  three  beasts  dropped  dead.  It  is  much  to  be  wished  that  such 
a  nainless  end  could  be  guaranteed  to  all  animals  that  man  is  obliged 
to  kill.  But  it  is  feared  tbat  the  general  use  of  sacb  dau^roos  tools 
would  lead  to  some  of  the  hisber  animals  being  included  in  the  list  of  slain. 
With  the  large  coil  already  described,  Mr.  Crookes  has  lately  carried 
oQtsome  remarkable  experimentt  eonneoted  with  molecular  physics. 


CHAPTER  XIX. 


MAGNBTO-BLBCTBl 


Fie.  lei.  duk**!  iaigM(a-«lectriol  ibmUbs. 

Tbs  correlstion  of  the  phjsical  forces,  heat,  light,  electricitj,  magnetiuD, 
and  motion,  is  one  of  tae  most  intereating  soDJects  for  stud;  tW  can 
be  Boggested  to  the  loTor  of  scienoe.  Tne  examination  of  the  preciM 
meaning  of  the  term  correlation,  so  abl?  considered  b;  Profeaaor  Grove, 
indicates  a  necessary  mutual  or  reciprocal  dependence  of  one  foroB  oa 
the  other.  Thai,  electricity  Till  prodooe  heat,  iind  vice  verid;  motion, 
such  u  friction,  prodoces  electnoitj,  and  the  latter,  b;  its  attraction 
and  repnlsion,  establishes  itself  as  a  source  of  motion.  Electiicit;  pro- 
duce! li^t,  also  magnetisni,  and  oontrari^se  light  is  said  to  poness 
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fhe  power  of  magnetizing  steel,  whilst  magnetism  again  produces  light 
and  electricity.  Such  are  the  intimate  connexions  that  exist  between 
these  imponderable  agents,  and  we  may  trace  cause  and  effect  and  its 
reversal  amongst  these  forces,  until  the  mind  is  lost  in  the  examination 
of  the  bewildering  mazes,  and  is  content  to  return  to  the  beaten  track 
and  work  out  experimentally  the  practical  truths.  We  have  had  occa- 
sion to  notice  in  another  part  of  this  playbook  the  fact  that  a  current 
of  electricity  causes  the  evolution  of  magnetism  in  its  passage  through 
various  conducting  media,  and  the  truth  has  been  specially  illustrated  by 
the  various  experiments  in  the  chaj^ter  devoted  to  electro-magnetism. 
In  commencing  this  portion  of  electrical  science,  we  have  no  new  terms 
to  coin  for  the  title  of  the  discourse,  as  we  merely  reverse  the  other 
when  we  examine  the  nature  and  peculiarities  of 

HAGNETO-ELECrrBICITT. 

The  source  of  the  power  must  necessarily  be  a  bar  or  horseshoe- 
shaped  piece  of  steel  permanently  endowed  with  magnetism.  If  the 
former  is  thrust  into  a  cylinder  of  wood  or  pasteboard,  around  which 
coils  of  covered  copper  wire  have  been  carefully  wound,  so  that  the 
extremities  communicate  with  a  galvanometer,  an  immediate  deflection 
of  the  needle  occurs,  which,  however,  quickly  returns  to  its  first  posi- 
tion, but  is  again  deflected  in  the  opposite  direction  on  the  withdrawid 
of  the  steel  magnet  from  the  coil  or  copper  wire.    (Fig.  263.) 


n^.  263.    A  B.  Coil  of  copper  wire.    o.  Permanent  ber  manet  placed  iuide  the 
ooil,  when  tbe  galTUometcr  needlii,  p,  to  delected. 

The  rapid  entrance  and  exit  of  the  steel  magnet  in  the  helix  of  copper 
wire  would  be  insufficient  to  produce  any  quantity  of  electricity,  and 
the  ingenuity  of  man  has  been  taxed  to  arrange  a  method  by  which  a 
magnet  may  be  suddenly  formed  and  destroyed  inside  a  coil  of  insulated 
copper  wire.  The  difficulty,  however,  has  been  surmounted  by  several 
ingenious  contrivances,  based  on  the  principles  first  discovered  by 
Fftraday;  and  the  one  especially  to  be  noticed  is  the  revolution  of  a 
ccdl  of  copper  wire  enclosing  a  piece  of  soft  iron,  called  the  armature. 
before  the  poles  of  a  powerful  magnet.    The  first  machine  was  inventea 

T  2 
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bj  M.  Hjpolyte  Pbdi,  of  Paris,  and  in  1833,  Mr.  &uLtoii  improved 
upon  this  machine,  and  three  years  afterwards,  Mr.  E.  M.  Clarke  de 
scribed  a  verj  ingenious  modification  of  the  electro-magnetic  machine, 
which  is  depicted  at  page  274  of  this  chapter.  In  this  picture,  the  letter 
A  is  the  permanent  fixed  horseshoe  magnets,  which  are  very  ajjpro- 
priately  termed  the  battery  majgnets,  because  they  take  the  position 
that  would  otherwise  be  occupied  by  a  voltaic  battery,  and  ihej  are 
indeed  the  prime  source  of  the  electrical  power  that  is  evoked,  b  is  the 
intensity  armature  which  screws  into  a  brass  mandril  seated  between 
the  poles  of  the  magnets  a,  motion  being  communicated  to  it  by  the 
multiplying  wheel,  £.  This  armature  or  inductor  has  two  coils  of  fine 
instated  copper  wire  of  1500  yards  in  length,  coiled  on  its  cylinders, 
the  commencement  of  each  coil  oeing[  soldered  to  the  bar  d,  from  which 
projects  a  brass  stem,  also  wldered  mto  d,  carrying  the  break-piece  h, 
which  is  made  fast  in  any  position  by  a  small  binding-screw  in  a  hollow 
brass  cvlinder  to  which  the  other  terminations  of  the  coils,  p  f,  are 
soldered,  these  being  insukted  by  a  piece  of  hard  wood  attached  to  the 
brass  stem,  o  is  an  iron  wire  spring  pressiuff  against  one  end  of  the 
hollow  brass  cylinder ;  p  is  a  square  brass  piUar ;  q  is  a  metal  spring 
that  rubs  gently  on  the  break  piece  h  ;  t  is  a  copper  wire  for  connecting 
the  brass  pieces  with  the  wood  L  between  them,  and  out  of  which  p 
and  0  pass ;  &  b  are  two  handles  of  brass  with  metallic  wires,  the  end 
of  one  being  inserted  into  either  of  the  brass  pieces  connected  with  p 
and  0,  and  the  other  into  the  brass  stem  that  carries  the  break  H,  delivers 
a  most  severe  shock  directly  the  wheel  is  set  in  motion. 

Manv  other  magneto-electric  machines  followed  that  of  darkci  In 
most  of  these  the  number  of  magnets  was  multiplied,  and  the  effects 
displayed  correspondingly  increased ;  with  the  disadvantages  of  making 
the  machines  both  cumbrous  and  costly.  Among  these  iTmay  specially 
mention  the  "  Alliance"  machine,  whidi  is  used  up  to  this  day  m  some 
of  the  French  lighthouses ;  and  Holmes'  machine,  which  fulfils  a  similar 
duty  at  the  South  Foreland.  In  this  last  machine  an  electro-magnet 
was  used  in  conjunction  with  a  so-called  "  permanent"  magnet. 

A  great  advance  in  the  construction  of  magneto-machines  was  made 
in  the  year  1866,  when  Siemens  and  Wheatstone  simultaneooaly,  but 
independently,  pointed  ont  that  permanent  magnets  need  not  be  em- 
ployed at  all,  because  iron  always  possesses  some  traces  of  magnetism 
which,  by  proper  appliances,  can  be  utilised  in  the  production  of  the 
electric  current.  Ftom  this  date,  therefore  (with  the  exception  of 
those  used  for  medical  purposes  and  for  the  lecture  table),  the  machines 
produced  have  been  furnished  with  electro-magnets  only.  Three  or  four 
new  contrivances  were  framed  on  this  discovery,  but  they  have  been 
altogether  eclipsed  by  more  modem  machines. 

The  period  covered  by  the  years  1877-1880  wiU  lonff  be  remembered 
on  account  of  the  uniyersal  interest  suddenly  manifested  in  the  question 
of  electric  illumination,  and  it  is  certain  that  more  specincations 
bearing  upon  this  subject  were  filed  during  1877  and  1878  than  durii^ 
aU  the  previous  time  that  the  Patent  Office  had  been  established. 
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Tbis  excitement  wu  due  in  the  first  case  to  an  extremelj  simple  kind 
of  lamp  or  reRulator,  tbe  inveiitioa  ot  %  Rnsfiaa  engineer,  snd  colled 
alter  uim  "The  Jablocbkoff  Candle,"  which  effeclirelj  replaced  the 
vuj  CMtb  and  oomplex  electrio  regalatots  previoQil^  used.  This  con- 
trirance  I  ahall  fullj  describe  later  on.  But  ihe  afcitation  was  also  no 
doabt  due  to  tbe  verj  perrect  niagaeto- electro  macbines  wliicb  had  b^ 
this  time  been  inTcntea,  and  \>j  which  the  most  brilliant  effects  could 
be  obtained. 

One  ot  tbe  most  remarkable  and  perbaps  the  most  commonlf  used 
machioeaof  tbe  present  daj  is  that  of  M.  Gramme.    Fig.  363  represeuta 


Flg.ISS.    Xipcrlmentil  OrttiimerucblH. 

one  of  these,  made  specially  for  lecture-rootn  dcmoastration.  It  is 
capable  of  all  the  effects  which  lie  obtainable  from  a  Grove  or 
Bunseu  batlerj  of  several  cells.  Mora  than  once  1  have  demonstrated 
this  bj  perCoimiDg  with  the  asitatance  of  a  bitter;  the  eiperimenta 
detailed  m  a  former  chapter,  and  then  repeating  them  b;  wires  joined 
up  to  tbe  machine.  Onlj  those  who  know  the  labour  and  unpleasant* 
ness  involved  m  patting  a  batter;  together,  aud  tbe  effect  of  inbalins 
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fames  of  the  acid  employed,  can  really  appreciate  one  of  these 
hines,  which  merelj^requires  a  little  "  elhow  grease"  io  put  it 


the 

machines, 
into  action. 

The  principal  feature  of  the  Gramme  machine  is  the  rinj?  which  forms 
its  armatnre.    This  ring  is  boond  round  with  separate  coUs  of  insulated 
copper  wire,  its  core  l^iog  formed  of  a  bundle  of  iron  wires.    The 
ends  of  the  several  coils  are  brought  on  to  the  axis  upon  which  the 
ring  rotates,  where  they  are  separated  from  one  another  by  strips  of 
some  non-conducting  substance.     The   electric  currents  which  are 
generatoi  in  these  coils,  as  the  ring  revolves  between  the  poles  of  the 
magnet,  are  collected  by  metallic  brushes,  which  rub  against  the  axis  of 
the  rinp,  where  the  ends  of  the  coils  are  prolonged.    In  this  manner 
a  contmuous  stream  of  electricity  is  carried  to  the  terminal  wires, 
which  can  be  used  for  the  production  of  light,  heat,  or  indeed  for  any 
purpose  for  which  a  battery  current  is  employed.    It  will  be  noticed 
that  in  this  small  machine  for  manual  power  a  permaHent  ma^et  is 
used.    This  magnet  is  of  somewhat  peculiar  construction,  for  instead 
of  being  made  of   one  solid  steel  horseshoe,  it  is  constructed  of 
several    layers  of  that    material,  each  having  been  separately  mag- 
netised,    ^oy  this  means    the  power  of   the  magnet  is  very  mucn 
increased. 

Fig.  264  shows  another  form  of  Gramme  machine  in  which  electro- 
magnets only  are  used,  the  rinfi  being  retained,  and  pbiced  between 
them.  This  form  of  machine  is  for  steam  power,  the  engine  being 
connected  by  belting  with  the  wheel  on  the  left-hand  side  of  the 
drawing.  By  means  of  this  machine  the  lamps  which  now  light  the 
Thames  Embankment  are  provided  with  the  necessary  current.  It 
is  greatly  used  in  France,  both  for  iUumioating  purposes,  and  also  for 
electro-plating. 

Anotner  machine  which  is  also  much  used  is  the  Siemens  machine, 
but  it  is  so  constructed  that  it  can  only  give  one  light.  This  would 
also  be  the  case  with  the  Gramme  machine,  if  another  contrivance,  called 
the  distributor,  were  not  employed  with  it.  The  Gramme  lighting 
system  is,  in  short,  a  double  one,  the  machine  last  figurea  pro- 
viding the  current,  which  is  distributed  for  use  by  a  second  machine. 

The  Lontin  machine  has  also  been  in  use  both  in  France  and  this 
country,  and  is  not  unlike  the  more  recent  forms  of  Gramme  dis- 
tributor. It  was  this  machine  which  gave  those  brilliant  lights  which 
lately  appeared  in  front  of  the  Gaiety  Theatre.  But  the  fact  that 
these  lights  have  long  ago  ceased  to  exist  will  show  that  there  was 
some  disadvantage,  either  in  cost -of  production  or  inconvenience,  which 
affected  the  system. 

The  ouljT  other  machine  necessary  to  mention  is  that  of  Mr.  F.  C. 
Brush,  wmch,  although  in  extensive  use  on  the  other  side  of  the 
Atlantic,  has  only  just  been  brought  into  notice  in  this  country  by 
the  Anglo-American  Electro-Light  (Company,  who  have  purchased  the 
patent  rights.  The  patents  cover  the  machine,  the  lamp,  and  the 
manufacture  of  the  carbon  pencils  consumed  in  the  lamp. 
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"In  oonstruction,  the  machine  differs  essentiallj  &0111  ■!!  ollien 
both  in  the  umature,  the  amagement  of  the  field  magaeta  and  the 
commutator,  and  the  noTcl  mode  of  connection,  tberebj  prodncbg 
from  a  givea  amount  of  power  a  larger  available  current  than  has 
hitherto  Men  obtained  from  nnj  other  combination.  At  the  aaoie 
time,  the  mechanical  cooEtraction  is  such  that  the  wear  and  tear  is 
reduced  to  a  minimum,  the  wearing  parta  f  the  aegments  of  the  commu- 
tator and  bmahea)  being  eaail;  replaced  ween  neceasarj  b;  an  ordinary 
meclianic,  at  a  trifling  coat." 


I  latelj  saw  one  of  tbe«e  machines  (known  aa  No.  7)  at  work,  when 
it  was  nrodncing  on  one  circuit  16  powerful  lights,  llie  machine  was 
then  Bbsorbing  13-horae  power.  I  beheve  that  the  eucceas  of  thia 
sjstem  ia  creatlj  due  to  the  clever  construction  of  the  lamps  or  regu- 
lators, and  also  to  the  ciceedinglj  fine  quality  of  the  carbon  cmplojed 
in  them.  Unless  some  new  discovery  b  made,  which  completejj  altera 
the  present  mode  of  utilising  electricitf  in  the  production  of  light,  we 
may  predict  a  great  future  for  the  Brusn  machine. 
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From  time  to  time  fears  have  been  entertained  that  we  are  using  np 
oar  coal  supplies  so  quickly,  that  a  day  must  sooner  or  later  arrive 
when  Britain  will  no  longer  have  fuel  for  her  steam  engines.  It  is 
almost  unnecessary  to  state  that  if  such  a  time  should  arrive,  England's 
power  must  speedily  diminish.  Many  persons  have  therefore  con- 
sidered the  question  of  utilising  such  motive  powers  as  are  not 
dependent  upon  heat  for  their  production.  The  natural  force  of  the 
wind,  of  falling  water,  and  even  the  ebb  and  flow  of  the  tide,  have  been 
turned  to  account  for  the  benefit  of  man.  And  dthough  we  dwellers 
in  town  have  not  often  the  opportunity  of  seeing  windmills  and 
waterwheels,  we  know  that  such  things  are  in  use.  I  need  hardly 
say  that  it  is  customary  to  place  a  windmill  in  some  exposed  situation, 
where  the  wind  will  catch  its  saib,  and  a  waterwheel  must  be  relegated 
to  some  stream  where  there  is  water  to  keep  it  in  motion.  In  other 
words,  the  power  obtainable  by  such  means  is  localised.  But  here 
comes  in  a  use  for  the  dynamo-electric  machine.  The  waterwheel,  or 
windmill,  can  be  made  to  turn  one  of  these  magnetic  machines,  the 
electricity  so  produced  can  be  carried  along  wires  of  ereat  len^h, 
these  wires  can  be  joined  on  to  another  machine,  and  the  electricity 
is  once  more  turned  into  motion.  Let  us  for  a  moment  glance  at  a 
lecture  lately  given  by  Dr.  Siemens,  which  bears  upon  this  subiect. 

"  Let  us  suppose,"  says  he,  "  that  at  some  central  station  100  horse- 
power of  steam  or  water-power  was  employed  to  give  motion  to  several 
dynamo-electric  machines  of  the  dimensions  found  most  convenient  in 
practice,  and  that  by  means  of  metallic  conductors  of  suitable  dimen- 
sions the  electric  current  produced  at  the  central  station  was 
conducted  to  a  number  of  halls  or  factories  requiring  to  be  lighted,  or 
to  utilise  mechanical  power.  If  illumination  were  the  only  object  in 
view,  the  total  amount  of  light  that  could  be  thus  produce!  would  be 
equal  to  125,000  candle  power.  This  would  be  equivalent  to  6350 
i^gand  burners,  each  of  20-candIe  power,  at  a  consumption  per 
burner  of  6  cubic  feet  of  gas  per  hour,  or  a  total  consumption  of 
37,500  cubic  feet  of  gas  to  produce  the  same  effect  of  light.  This 
would  require  3}  tons  of  coal,  and  the  electric  light  about  as  many 
hundredweights." 

Dr.  Siemens  in  the  same  lecture  describes  his  visit  to  the  Falls  of 
Niagara,  and  how  he  was  struck  with  the  extraordinary  amount  of  force 
there  being  wasted  so  far  as  the  useful  purposes  of  man  are  conoemed. 
He  calculates  that  the  one  hundred  million  tons  of  water  which  fall 
there  everv  hour  from  a  height  of  150  feet,  represent  an  aggr^^  of 
16,800,000  horse  power,  producing  as  their  effects  no  other  result  than 
to  raise  the  temperature  of  the  water  at  the  foot  of  the  fall.  He  goes 
on  to  say :  "  It  would  not  be  necessary  to  seek  on  the  other  side  of  the 
Atlantic  for  an  application  of  this  mode  of  transmitting  the  natural 
force  of  falling  water,  as  there  is  perhaps  no  country  where  this  force 
abounds  to  a  greater  extent  than  on  the  west  coast  of  Scotland,  with 
its  devated  lands  and  heavy  rainfalls.  You  have  already  conducted  the 
water  of  one  of  your  high-level  loclu  to  Glasgow  by  means  of  a  gigantic 


THE   ttAaHBTO-ELECTBlCAL 


281 


lobe ;  and  hoT  much  easier  would  it  be  to  pass  tlie  water  in  its 
desceat  from  elev&ted  knda  through  torbiues,  aud  to  traasmit  the  vast 
unoQnt  of  force  that  might  tbus  be  collected,  b<r  means  of  stout  me- 
tallic conductors,  to  towns  and  Tillages  for  the  supply  of  light  and 
necbamcal  power." 

At  a  recent  loirie  given  bj  the  institution  of  Civil  Eugineers  at 
the  Sooth  Kensington  Museum,  Dr.  Siemens  exhibited  the  transniis- 
sioQ  of  mechanical  power  b;  means  of  two  djDSino-electric  machines. 
On  this  occasion  a  large  macbine  was  placed  in  circuit  with  a  small 
one  bj  means  of  a  long  cable,  the  smaller  macbine  beinR  connected  with 
■  centrifogai  pump.  Bj  this  means  the  pump  was  made  to  lift  water 
from  a  taiuc  to  a  beigbt  of  IQ  feet  or  more.  But  recently  the  system 
baa  been  tested  noon  a  far  lareer 
scale  both  here  ana  in  Trance,  lu 
the  latter  country  the  transmitted 
power  has  been  applied,  with  a  satis- 
factory result,  to  ploughing  the 
fields  on  the  farm  of  M.  Menier. 
We  know  tbat  steam  bas  long  been 
applied  to  the  culture  of  Ibe  land, 
but  surely  the  most  ardent  philoso- 
pher would  never  have  dreamt  that 
electricity  would  have  been  enlbted 

Returning  once  more  to  the  eub- 
iect  of  electric  lightini;,  we  must  now 
leave  the  magneto-electric  machines, 
and  look  to  the  manner  in  which 
the  current  produced  is  turned  into 
brilliaot  illomination. 

It  was  Sir  Humphry  Davy  wbo  first 
DUtde  the  discovery  that  if  the  two 
terminal  wires  of  a  powerful  battery 
were  furnished  with  charcoal  points, 
and  were  then  brought  together, 
a  briliant  arc  of  light  was  imme- 
dialely  created  between  them.  The 
heat  developed  in  the  operation  was 
so  great  ttiat  the  most  refractory 
.  substances,  such  as  platinum,  mag- 
nesia, lime,  &c.,  were  easily  melted 
in  die  brilliant  fisme.  If,  how- 
ever, the  points  were  separated  beyond  a  certain  distance,  proportional 
lo  the  strength  of  the  battery,  the  light  disappeared,  and  could  not  be 
renewed  until  they  were  once  more  caused  to  touch.  Various  kinds  of 
regnlators  or  lamps  have  been  devised  to  meet  these  conditions.  In 
most  of  these  the  two  charcoal  points  (now  replaced  by  pencils  of  pre- 
[wtd  gas  cnrbon)  are  placed  vertically,  and  are  caused  to  move  towards 
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one  another  M  they  are  gradual];  oonsomed.  In  some,  if  oot  moat  of 
tbcK  repilatort,  clockwork  ia  used  to  accomplish  thia  end.  Senia's 
lamp  is  one  of  the  best  known,  and  altfaongh  reliable,  is  very  ezpenaire; 
Siemena'  regulator  is  another  which  is  ia  common  use,  bnt,  like  SerriD'a, 
it  has  a  tram  of  wheel-work,  which  eanses  it  to  be  rather  complicated 
and  therefore  expensiire.  This  form  of  r^ulator  is,  however,  much  used 
for  the  illnmination  of  Iwffi  spaces,  and  for  lighthoases,  where  the  ques- 
tion of  expense  is  of  course  oot  a  matter  for  consideration.  In  Fig.  365  is 
shown  Browning's  lamp,  which  is  very  much  used  for  experimental  work, 
and  in  coujanction  with  a  lantern  for  the  cTbibition  of  spectrum  analysis 
on  a  screen.  Figs.  S66  and  S67  ahow  a  much  simpler  form  of  regulator  by 


the  same  maker,  with  and  without  a  reflector  attached.  Thia  regulator 
will  giTC  a  amall  bnt  brilliant  light  with  ten  cella  of  Grove's  battery. 
The  distance  of  the  points  are  r^nlated  by  a  screw,  the  upper  carixin 
beiog  clutched  in  its  place  by  the  electro-magnet  on  the  back  jmst  ot 
the  lamp.  When  the  apace  between  the  carbona  beoomes,  by  their  con- 
Humpticni,  too  great,  the  magnet  loses  its  power,  and  the  upper  carbcm 
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ilrops  b;  its  own  vreigbt,  to  be  unmedutely  clatched  once  more  bj  tbe 
□MKiict  which  gorenis  it, 

£i  ill  these  lamps  proTision  a  mode  for  one  carbon  beiue  consmned 
at  doable  the  rate  of  the  other,  a  phenomenon  inseparaole  from  a 
batter;,  and  all  machines  which  give,  like  a  batterj,  a  continuous  cur- 
rent. Many  of  the  modem  machines,  bowCTer,  are  made  to  f;ive  what  is 
called  an  Bltematin^  oonent — that  is  to  b&j,  the  terminals  are  alternatelj 
IiositiTS  and  negative  several  times  in  evei^  second.  The  principal 
reason  whj  this  alteration  has  in  man;  maebmex  been  adopted,  — , 
is  the  iuTcntion  of  the  Jablochkoff  candle,  which,  as  will  be 
presentlv  seen,  cannot  be  used  with  a  continnoos  current. 
Fig.  368  shows  this  new  fonn  of  electric  illuminator.  The 
camns  are  not  placed  one  above  the  other,  as  in  most  other 
forms  of  regulator,  but  arc  placed  side  by  side,  with  a  thin 
slip  of  plaster  of  pans,  or  other  non-conducting  medium, 
between  them.  Mow  it  stands  to  reason  that  if  a  continuoas 
current  were  used  with  this  contrivance,  ono  half  of  the 
"candle"  would  burn  down  twice  as  quicld;  as  the  other 
half,  and  thev  would  soon  be  so  widely  separated  at  their 
points  that  tne  light  would  go  out.  But  by  alternating  the 
current,  so  that  each  carbon  is  sometimes  positive  and 
sometimes  native,  they  are  both  subject  to  the  same  rate  e£ 
combustion,  and  burn  down  together  iike  a  veritable  candle. 

The  Jablochkoff  candle  is  now  being  used  to  a  far  greater 
eitent  than  an;  other  form  of  electric  lamp,  and,  as  I  before 
intimated,  tbe  present  eicitemeut  with  regard  to  electric 
lighting  is  primarily  due  to  this  invention.  But  it  by  no 
means  represents  a  aalficieutly  perfect  system  to  Justify  the 
conclusion  that  it  will  be  the  light  of  the  future.  Its  success  j^|^^ 
may  be  attributed  to  its  great  simplicity  when  compared  to  kaff 
the  complicated  arrangements  before  used,  bat  it  has  many  ciadie. 
disadcanlages  in  the  way  of  expense,  &e.,  which  form  serious  draw- 
backs to  universal  adoption. 

Mr.  Wilde,  of  Manchester,  has  patented  another  "  candle,"  which 
resembles  the  Jabtocbkoff  arrangement  in  every  respect,  only  that  it 
Iia3  no  insulating  material  betfreen  the  carbons,  b  other  words,  they 
are  merely  separated  by  space.  They  are  so  inclined  that  their  points 
touch,  but  directly  the  arc  is  established,  they  spring  apart  by  the 
action  of  a  magnet,  and  the  light  is  maintained  hetneen  them. 

A  very  pufect  form  of  regulator  is  that  of  M.  Bapieff,  now  in  use  at 
the  Timet  printing  office.  Four  carbons  are  used  here,  two  above,  and 
two  below,  the  four  points  meeting  where  the  light  is  ^iven  ont.  In 
the  Wallace  Farmer  regulator,  plates  of  carbon  are  used  in  lieu  of  rods, 
but  the  result  is  far  from  satisfactory. 

Another  distinct  method  of  employing  electricity  as  a  light  producer 
is  that  of  including  in  the  circuit  some  substance  which  by  its  resistance 
is  caused  to  become  incandescent.  We  have  seen  by  on  experiment 
detailed  on  a  former  page,  Ibot  pUlinum  wire  pUced  between  the  ter- 
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minals  of  a  batter?  will  plow  with  ferrent  heat,  carbon  will  exhibit  the 
same  phenomena,  oiit  neither  the  one  nor  the  other  can  stand  anch  treat- 
ment with  impunity,  they  speedilv  perish.  This  difficnlty  has  been  obvi- 
ated to  some  extent  by  inclosing  the  incandescent  substance  in  a  racnum, 
for  it  must  be  remembered  that  the  light  from  electricity  is  in  no  way 
dependent  upon  oxygen  for  its  support  Thus  King's  patent,  dated 
1845,  makes  use  of  platinum  in  thin  leaves^  which  were  held  in  metallic 
forceps  in  a  glass  bulb  exhausted  of  air.  The  year  later  another  patent 
was  filed  of  a  precisely  similar  character.  In  1872  Konn  invented 
a  lamp  in  which  a  strip  of  graphite  was  rendered  incandescent,  in  a 
glass  vessel  charged  witn  nitrogen. 

Although  these  contrivances  have  proved  barren  of  result  so  far  as 
general  electric  illumination  is  concerned,  they  are  highly  interesting  just 
now,  when  all  kinds  of  rumours  are  afloat  as  to  what  the  wonder-working 
Mr.  Edison  b  accomplishing  in  his  laboratory  at  Menlo  Park.  Al- 
though some  of  these  rumours  are  of  the  most  ridiculous  character, 
there  seems  to  be  no  doubt  about  one  thing,  and  that  is,  that  Mr. 
Edison  is  working  with  the  idea  of  producing  the  electric  light  by  the 
incandescent  principle. 

The  first  notification  of  this  appeared  in  the  publication  of  a  patent 
specification,  in  which  figured  a  form  of  regulator  of  no  novel  kind.  It 
consisted  of  a  wire  composed  of  an  alloy  of  platinum  and  iridium, 
stretched  between  a  fixed  arm  and  a  lever.  When  by  the  incandescence 
of  this  wire  the  metal  expanded,  the  lever  dropped  and  touched  a 
metallic  button,  thereby  diverting  the  current  ana  preventing  the  wire 
reaching  its  fusing  point.  In  this  manner  light  was  given  out  without 
the  risk  of  the  wire  oeing  destroyed,  but  it  is  obvious  that  no  metallic 
alloy  whatever  could  withstand  such  treatment  for  any  lengthened  time 
without  destruction.  This  fact  (according  to  the  report  published  of  a 
statement  made  bv  Mr.  Edison  at  the  Saratoga  meeting  of  the  American 
Association  for  Advancement  of  Science)  was  shortly  afterwards  ad- 
mitted by  the  inventor  himself.  "  A  platinum  wire,  rendered  incandescent 
by  an  electric  current,  presents  before  lon^  a  shrunken  appearance  and 
is  full  of  deep  cracks,  and  if  the  current  be  continued  for  several  hours 
these  effects  so  increase  that  the  wire  falls  to  pieces."  On  the  same 
occasion  Mr.  Edison  explained  some  very  interesting  experiments  by 
which  he  succeeded  in  greatly  obviating  this  difficulty.  He  caused  the 
platinum,  by  special  treatment  under  a  vacuum,  to  assume  a  far  mere 
compact  condition.  "  His  mode  of  procedure  was  this : — Several  platinum 
spirals  were  brought  to  the  melting-point  by  means  of  an  electric  current, 
and  the  average  hght  of  each  was  then  found,  by  the  photometer,  e(}ual 
to  four  standard  candles.  Next,  one  spiral  was  placed  in  the  receiver 
of  an  air-pump,  and  the  air  exhausted,  a  weak  current  was  then  sent 
through  tne  wire  to  warm  it  slightly,  and  so  assist  the  gradual  escape  of 
the  air  from  the  metal.  The  temperature  was  gradually  increasea  (by 
increase  of  the  current)  at  intervals  of  ten  minutes,  afterwards  at  inter- 
vds  of  fifteen  minutes.  Before  each  increase  the  wire  was  let  cool,  and 
a  welding  process  occurred  in  it  at  the  points  previously  containing  air. 
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In  one  houraod  fort^  minntea  thespintlhod  reached  sucli  a  lemperature 
before  melting  that  it  waa  Kiving  a  light  oF  ttrentj-five  ataudard  candleg, 
whereas  othenrise  it  wotila  certaialj  nave  melted  before  giring  a  light 
of  five  candlea."  Under  this  treatment  the  wire  seema  to  have  become 
white  aa  ajlier,  polished,  and  amaller  in  diameter.  And  Mr.  Edison  ia 
reported  to  hare  stated  that  by  nse  of  inch  material  he  conld  prodnee 
eight  separate  jets,  each  equal  to  a  light  of  six- 
teen candies,  b;  the  expenditure  of  one-horse 
power  applied  to  bis  djnamo -electric  machine. 

NotwithstandiDg  these  comforting  asauronces, 
the  great  inventor  seema  to  have  foraaken  his  / 
newly-found  fire-proof  meto!  for  something  whiidi 
teems  on  first  acquaintance  to  be  of  a  far  more 
fragile  nature.  According  to  a  recent  telegram, 
"he  has  discovered  that  a  steady,  brilliant  light 
is  obtained  b;  the  incandetcence  of  mere  carboniud 
paper  better  than  from  any  other  known  snbatance. 
Stripa  of  dnwing  paper  in  horse-shoe  form  are 
placed  in  a  moola  and  baked  at  a  Terj  high  tem- 
peratnre.  The  charred  reaiduuDi  is  then  attached 
to  the  platinam  wires  and  hermetically  sealed  in 
a  glass  Blobe  from  which  the  air  bos  been  exhausted. 
TEia,  attached  to  a  wooden  atand,  or  ordinary  gat 
fixture,  ia  the  whole  lamp."  The  arrangement  is 
shown  ia  Fig.  S69.  The  coat  of  each  lamp  is 
Skid  to  be  one  shilling,  although  it  is  difficnit  to 
aee  how  such  a  deiicste  piece  of  apparatna  conld  be  , 
constructed  for  auch  a  small  sum.  It  ia  also  not 
easy  to  nnderstand  how  such  a  fragile  thing  con 
ever  atand  the  every-day  rough  usage  to  which  domestic  lamu  Br« 
exposed.  The  seneral  use  of  gas  in  dwelling  houses  is  greatly  due  to 
le  with  which  they  can  be  manipulated,  and  the  little  risk  there  is 
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of  getting  them  out  of  order  by 
lure  that  if  they  are  to  be  snpen, 
will  bear  harder  knocks  than  a  bulb  of  gloss. 


ly  rough  treatment.     We  may  be  qnile 
that  it  they  are  to  be  saoerseded,  it  mast  be  by  something  whieti 
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CHAPTER    XX. 


DIA-MAGNSTISM. 

At  the  end  of  the  chapter  devoted  to  the  subject  of  light,  will  be  found 
an  experiment  devisea  and  carried  out  by  ])r.  Faraday,  in  which,  it  is 
shown  that  if  a  bar  of  a  peculiar  glass  (called  after  the  inventor, 
Faradcttfi  heawf  glau,  or  silicated  borate  of  lead)  is  suljected  to  the 
inductive  action  of  a  very  powerful  electro-ma^et,  that  it  has  the 
power  of  changing  the  direction  of  a  ray  of  polarized  light  transmitted 
through  it.  This  effect  is  not  confined  to  the  poles  of  an  electro- 
masnet,  but  is  also  perceptible  (though  in  a  dimmished  degree)  with 
oroinary  magnets. 

The  result  of  this  important  experiment  was  communicated  to  the 
Eo}ral  Society  by  Dr.  Faraday  on  the  27th  November,  1845,  the  enun- 
ciation of  the  fact  by  this  learned  philosopher  being,  "that  when  '  ike 
Hne  of  magnetic  force*  is  made  to  pass  through  certain  transparent 
bodies  parallel  to  a  ray  of  polarized  light  traversing  the  same  bo<rf,  the 
ray  of  polarized  light  experiences  a  roUtion."  Now,  "  ike  line  of  moff* 
netic  ford*  means  that  continual  flow  of  the  magnetic  current  which 
passes  from  pole  to  pole,  and  is  iadicated  by  iron  filings  sprinkled  on 
paper  placed  above  the  poles  of  a  magnet,  and  usually  termed  magneUe 
curves,  or  the  curved  lines  of  magnetic  force.    (Fig.  270.) 


Fig.  270.   The  carved  lines  of  magnetic  force. 

The  heavy  glass  already  alluded  to,  upon  whidi  the  magnet  exerts  a 
certain  influence,  is  called 

TH£  SIA-MAGNETIC  ; 

and  by  this  term  is  meant  a  body  through  which  the  lines  of  magnetic 
force  are  passing  without  affecting  it  like  iron  or  steel.  At  page  z23  is 
a  picture  representing  (at  Figs.  206  and  207)  the  direction  of  the 
electricity  and  tliat  of  the  magnetic  current  or  whirl  at  riffht  angles  to 
it.    If,  then,  "Eig,  207  be  considered  as  a  piece  of  ghiss,  the  arrow  a  v 
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vOl  show  "tlie  lice  oE  magneiio  force,"  the  point  b  bebgtbe  north 
pole,  and  the  shaft  a  the  south  pole  of  the  moKnet,  and  the  afrown 
tnced  round  will  represent  dlreotion.  This  simple  dnwing  ezpTcssn 
the  whole  of  the  kw  of  the  action  of  the  magnet  on  the  gbss,  and  if 
kept  ia  view,  wiU  give  eveiy  position  and  consequence  of  direction  le- 
sulting  from  it. 

The  phenomenon  of  the  affection  of  the  beam  of  polaiiied  light  is  im- 
incdiatel;  connected  with  the  magnetic  force,  and  this  ia  supposed  to 
be  proved  bj  the  brigkinei  of  the  polarized  in;  being  developed 
gretiiiallf,  u  the  iron  coiled  with  wire  requires  i^ut  two  seconds  to 
acquire  its  greatest  power  after  being  connected  with  the  battery. 

In  another  eiperiment  of  Faradsj's,  where  a  beam  of  polarized  light 
was  sent  through  a  long  glass  tube  containing  water,  and  introdacedas 
a  core  intide  a  powerful  electto-magnetlc  coil,  the  image  of  a  candle 
viewed  with  a  proper  eye-piece,  appeared  or  disappeareiJ  as  the  battery 
oomtexion  was  made  or  broken  with  the  coil ;  but  this  resolt  is  not 
considered  by  many  philosophers  to  be  conclusive  of  the  action  of 
magnetism  on  light,  but  rather  as  an  alteration  of  the  refeaeliug  power 
of  the  niedium  thraugh  which  the  light  passes.  These  experiments  were 
the  precursors  of  the  other  effecta  of  magnetism  upon  dinerent  Icinds  of 
matter  which  Faraday  discovered,  and  he  commenced  his  examination 
with  a  small  bar  of  heavy  glass  suspended  by  a  filament  of  silk  between 
the  poles  of  as  electro-magnet,  and  when  the  twisting  or  effects  of 
torsion  bad  ceased,  the  battery  was  connected.  Directly  the  current 
passed,  Faraday's  keen  eye  detected  a  morement  oF  the  glass,  and  on 
repeatong  the  experiment,  he  discovered  that  the  movement  was  not 
accidental,  hat  ^ways  hiok  place  in  a  certain  fiicd  direction — viz.,  a 
direction  at  right  angles  to  a  line  drawn  across  and  teaching  the  two 
poles  of  a  horseshoe -shaped  magnet — i.e.,  supposing  the  feeder  or  bit 
of  soft  iron  usually  placed  in  contact  with  the  poles  of  the  horseshoe- 
masnet  to  represent  the  "axial  line,"  any  line  drawn  across  it  at  right 
wiraes  would  be  called  the  equatotial  line,  whilst  the  general  space 
inclnded  between  the  poles  of  the  magnet  is  called  "the  maanelie 
feld."  The  movement  of  the  heavy  glass  was  therefore  egualorit»,  and 
it  Minted  east  and  west  instead  of  north  and  aonth,  like  iron  and  steel. 

By  the  use  of  the  apparatus  (Fig.  271)  Faraday  proved  that  every 
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substance,  whether  solid,  fluid,  or  gaseou%  was  subject  to  maignetio 
influences,  assuming  either  the  axial  or  equatorial  position.  The  appa- 
ratus consists  of  a  prolongation  of  the  poles  of  a  powerful  electro- 
mamet,  between  which  ike  cube  of  copper,  weighing  from  a  quarter  to 
half  a  pound,  suspended  by  a  thread,  may  be  set  spmning  or  rotating. 
If  the  electro-magnet  is  connected  with  the  battery,  the  cube  stopi 
immediately,  and  whilst  still  in  the  same  position  or  in  the  wutyn^ic 
field,  with  the  magnet  in  full  action,  it  is  impossible  to  set  it  spuming 
or  twisting  round  again.   (Fig.  271.) 

A  large  number  of  other  substances,  solid,  liquid,  and  gaseous,  were 
submitted  to  the  action  of  the  magnet,  the  liauids  anagasea  being 
hermetically  sealed  in  glass  tubes,  ana  some  of  tne  results  are  detailed 
in  the  following  list : 

Bodies  that  point  axialfy,  or  are  paramaffneUe,  like  a  suepended  needle. 


Iron. 

Nickel. 

Cobalt. 

Manganese. 

Chromium. 

Cerium. 

Titanium. 

Palladium. 

Platinum. 

Osmium. 

Paper. 

Sealing-wax. 

Fluor  spar. 

Fer  oxide  of  lead. 

Plumbago. 

China  iuL. 

Berlin  Porcelain. 


Bed4ead. 

Sulphate  of  zinc. 

Shell-lac. 

Silkworm-gut. 

Asbestos. 

Vermilion. 

Tourmaline. 

Charcoal. 

All  salts  of  iron,  when  the  latter  is 

basic. 
Oxide  of  titanium. 
Oxide  of  chromium. 
Chromic  acid. 
Salts  of  manganese. 
Salts  of  chromium. 
Oxygen,  which  stands  alone  as  a 

paramagnetic  gas. 


Bodies  thai  poitU  eptaiorialfy,  or  are  diamagnetie,  like  Faraday  9 

heavy  ff  last. 


BismutL 

Antimony. 

Zinc. 

Tin. 

Cadmium. 

Sodium. 

Mercury. 

Lead. 

Silver. 

Copper. 

Gold. 

Arsenic 


Uranium. 

Bhodium. 

Iridium. 

Tungsten. 

Eock  crystal. 

The  mineral  aoids. 

Alum. 

Glass. 

IMharge. 

Common  salt 

Nitre. 

Phosphoms. 
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Sulphnr. 

Kesin. 

Spermaceti. 

Iceland  spar. 

Tartaric  acid. 

Citric  add. 

Water. 

Alcohol 

Ether. 

Sngar. 

Starch. 

Gum-arabic. 

Wood. 

Ivory. 

Dried  muttoi. 

Fresh  beef. 

Dried  beef. 


Apple. 

Bread. 

Leather. 

Eresh  blood. 

Dried  blood. 

Caoutchoac. 

Jet. 

Turpentine. 

Olive  oil. 

Hydrogen. 

Carbomc  acid. 

Carbonic  oxide. 

Nitrous  oxide  (moderately). 

Nitric  oxide  (very  slightly). 

defiant  gas. 

Coal  gas. 


Nitrogen  is  neither  paramagnetic  nor  diamagnetic,  and  is  equivalent  te 
a  vacuum.  Magnetically  considered,  it  b  like  space  itself,  which  may 
be  considered  as  zero. 

The  term  ma^neiic  Faradav  proposes  should  be  a  eenend  one, 
like  that  of  electricity,  and  include  all  the  phenomena  ana  effects  pro- 
duced by  the  power,  and  he  proposes  that  bodies  maj^etic  in  the  sense 
of  iron  should  be  called  paramt^fnetic,  so  that  the  division  would  stand 

"■""    M.«-«c i£r^!' 

and  it  is  this  division  which  has  been  observed  in  the  preceding 
tables. 

All  soace  above  and  within  the  limits  of  our  atmosphere  may  be 
regarded  as  traversed  by  lines  of  force,  and  amongst  others  are  the  lines 
of  magnetic  force  which  affect  bodies,  as  shown  in  the  table  of  para- 
magnetic and  diamagnetic  bodies,  which  have  the  same  relation  to  each 
other  as  positive  and  negative,  or  north  and  south,  in  electricity  and 
magnetism. 

The  lines  of  magnetic  force  are  assumed  to  traverse  void  space  with- 
out change ;  but  when  they  come  in  contact  with  matter  of  any  kind 
they  are  either  concentrateid  upon  it  or  scattered  according  to  the 
nature  of  the  matter. 

The  power  which  urges  bodies  to  the  axial  or  ecjuatorial  lines  is  not  a 
central  force,  but  a  force  differing  in  character  in  the  axial  or  radial 
directions.  If  a  liquid  paramagnetic  body  were  introduced  into  the  field 
of  force,  it  would  dilate  axially,  and  form  a  prolate  spheroid  like  a  lemon, 
while  a  liquid  diamagnetic  body  would  dilate  eqnatorially,  and  form  an 
oblate  spheroid  like  an  oran^.  Pliicker  has  demonstrated  that  if  maa- 
netic  solutions  are  placed  m  watch  glasses  across  the  poles  of  t£e 
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electro-magnet,  thej  are  fae^ed  np  in  s  very  cnrions  mamcr.    T^e 
poles  of  the  electro-mi^et  are  pieces  of  soft  iron,  which  maj  be  dmrn 
M  appToaohed  at  pleasure,  and  according  aa  the  poles  are  neata  or 
r  BaoDder,  the  magnetio  Lqulds,  snch  u  solntion  of  iron,  are 
'  :  or  two  directiou,  as  shown  at  b  and  c  in  Fig.  S7i. 


TOT  01 

irther 


n^.m.  Giui 


"The  diamagnetic  power,  donbtless,"  sajs  Famdaj,  "  has  its  appointed 
office,  and  one  whicn  reUtes  to  the  whole  mass  of  the  globe.  For 
tboueh  the  amount  of  the  power  appears  to  be  feeble,  ret,  when  it  is 
cons^ered  that  the  crust  of  the  earth  is  composed  of  sobstances  of 
which  b;  far  the  greater  portion  belongs  to  the  diamagnetic  class,  it 
must  not  be  too  hastily  assumed  that  their  effect  is  entirelj  oTcrmled 
b;  the  action  of  the  magnetic  matters,  whilst  the  great  mass  of  waters 
and  the  atmosphere  must  exert  their  diamagnetic  action  uncontrolled." 

Flilcker  has  also  amiounced — what  at  the  time  he  believed  to  be  tme 
— the  highlj  interesting  and  important  fact  that  the  optic  axis  of  Ice- 
land or  calcareous  spar  is  repelled  bj  the  magnet  and  placed  eqoa- 
toriallj — a  fact  whicn  Flilcker  thooght  true  of  man;  other  crystals 
when  the  magiiette  axis  is  parallel  to  the  bnger  crystalloeraphic  axis. 
'  '  '■  '"■"'"  "  »  mineral  composed  of  sand,  day,  often 
n  India,  heiog  cut  and  polished  as  a  gem, 
and  sold  frequectlv  as  an  inferior  kind  of  sapphire,  will,  it  is  said,  even 
under  the  influence  of  the  earth's  magnetism,  arrange  itself  Uke  a  mag- 
netic .needle. 

Pliicker  beheved  that  he  had  discovered  an  eiistiM  relation  between 
the  forms  of  the  ultimate  particles  of  matter  and  the  magnetio  forces, 
and  he  imagined  that  the  results  he  obtained  would  lead  gndoallj  to 
the  determination  of  crTstalline  form  bj  the  magnet.  The  experimenli 
of  T^dal  and  Knoblauch  lead,  however,  to  a  ver;  opposite  series  of  eon- 
dusions,  and  bj  ingenionsl;  powdering  the  cirstaJs  with  water,  and 
m^ing  theni  into  a  paste,  which  was  afterwari^  dried  and  oaspended 
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as  a  model  in  "  the  magbetio  field ;''  also  by  taking  a  slice  of  ap{>Ie 
about  as  thick  as  a  penny-piece,  with  some  bits  of  iron  wire  througn  it^ 
in  a  direction  perpendicniar  to  its  flat  surface,  they  were  found  to  set 
oquatorially  not  by  repulsion  but  by  the  attraction  of  the  iron  wires ;  or 
instead  of  the  iron  by  placing  bismuth  wires,  the  apple  now  settled 
axially,  not  by  attraction  but  by  the  repulsion  of  the  bismuth.  Ipe- 
cacuanha lozenges,  Carlisle  biscuits  also,  suspended  in  the  magnetic  field, 
exhibited  a  most  striking  directive  action.  The  materials  in  these  two 
cases  were  diamagneiic;  but  owing  to  the  pressure  exerted  in  their 
formation  their  largest  horizontal  dimensions  set  from  pole  to  pole,  the 
line  of  compression  being  equatorial ;  and  it  is  a  universal  law  "  ihat  in 
dtamagnetie  bodies  the  line  along  which  the  density  of  the  mats  has  been 
induced  by  eompressiim  sets  equatorial,  and  in  majtnetie  bodies  arial" 
Hence  they  assume,  from  these  and  many  other  condusive  experiments, 
that  crjTstalUzea  bodies,  such  as  Iceland  spar,  take  their  position  in  the 
magnetic  field  without  reference  to  the  existence  of  an  "  optic  axis." 

At  the  conclusion  of  a  brilliant  lecture  at  the  Boyal  institution  by 
Dr.  Tyndal  "  On  the  influence  of  material  aggregation  upon  the 
manifestations  of  force,"  in  which  Pliicker's  experiments  respecting  the 
repulsion  of  the  optic  axis  were  eraoefully  discussed  and  his  theory 
retiited,  the  leamea  doctor  said :  "This  evening|s  discourse  is  in  some 
measure  connected  with  this  locality ;  and  thinking  thus,  I  am  led  to 
in(juire  wherein  the  true  value  of  a  scientific  discovery  consists  ?  Not 
in  its  immediate  results  alone,  but  in  the  prospect  wnich  it  opens  to 
intellectual  activity — ^in  the  hopes  which  it  excites — ^in  the  vigour 
which  it  awakens.  The  discovery  which  led  to  the  results  brought 
before  us  to-night  was  of  this  character.  That  magnet*  was  the 
physical  birthplace  of  these  results ;  and  if  they  possess  any  value  they 
are  to  be  regarded  as  the  returning  crumbs  of  that  bread  wnich  in  1846 
was  cast  so  liberally  upon  the  waters.  I  rejoice,  ladies  and  gentlemen, 
in  the  opportunity  here  afforded  me  of  offering  my  tribute  to  the 
greatest  workman  of  the  age,  and  of  laying  some  of  the  blossoms  of  that 
prolific  tree  which  he  planted  at  the  feet  of  the  great  discoverer  of  dia- 
magnetism."f 

It  was  first  observed  by  Father  Bancalari,  of  Genoa,  that  when  the 
flame  of  a  candle  is  placed  between  the  poles  of  a  magnet  it  is  strongly 
repelled.  The  flames  of  combustible  gases  from  various  sources  are 
differently  affected,  both  by  the  nature  of  the  combustible  and  by  the 
nearness  of  the  poles.  Paraday  repeated  Bancalari's  experiments,  and 
by  a  certain  arrangement  of  tne  poles  of  this  magnet  he  obtained  a 
powerful  effect  in  tne  maanetie  field,  and  having  the  axial  line  of  the 
magnetic  force  horizontal  he  found  that  when  the  flame  of  a  wax 
taper  was  held  near  the  axial  line  (but  on  one  side  or  the  other),  and  about 
one-third  of  the  flame  rising  above  the  level  of  the  upper  surface  of  the 

•  AUndlDfftoftfplfliididiiiagnetmadabjLogcinftn,  wUehwaticnttoiheSiliiUt^ 
H7de-Mrk  m  18S1.   It  ooald  lofltitn  a  weight  of  490  poimdi,  lad  wm  pucfaaied  \a  th» 
Boy»l  Institation  for  I>r.  Fvtdaj. 

t  Dr.  Faraday. 
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poles,  as  soon  as  the  magnetic  force  was  exerted  the  flame  reoeded  from 
the  axial  line,  moving  equatoriallr  until  it  took  an  inclined  positioD,  as 
if  agentle  wind  was  causing  its  aeflection  from  the  upright  position. 

When  the  ftame  was  pla^  so  as  to  rise  truly  across  the  magnetie 
axis,  the  effect  of  the  magnetism  was  very  curious,  and  b  shown  at  a, 
Rg.273. 

On  itusing  the  flame  a  little  more  the  effect  of  the  magnetic  force 
was  to  intensify  the  results  already  mentioned,  and  the  flame  actually 
beoEune  of  a  JUh4aiUd  shape,  as  at  c.  Fig.  373 ;  and  when  the  flame 
was  raised  until  about  two-thirds  of  it  were  above  the  level  of  the  axial 
line,  and  the  poles  approached  very  dose,  the  flame  no  longer  rose 
between  the  poles,  but  spread  out  right  and  left  on  each  side  of  the 
axial  line,  producing  a  double  flame  with  two  long  tongues,  as  at  b» 
Kg.  273.  ^     ^ 


nir<273.    Effect  of  magnetism  on  oandle-flame  between  the  poles  of  the  magnflt. 

It  was  these  experiments  that  led  to  the  important  discovery  of  the 
paramagnetic  property  of  oxygen,  and  proved  in  a  decided  manner  that 
gaseous  bodies  when  heated  became  more  highly  diamagnetic.  Oxygen, 
which  (tried  in  the  air)  is  ])owerfully  magnetic,  becomes  cuamagnetic  when 
heated.  A  coil  of  platinum  wire  heated  by  a  voltaic  current,  and 
placed  beneath  the  poles  of  Faradav's  apparatus,  occasioned  a  strong 
upward  current  of  air ;  but  directly  tne  magnetic  action  commences  the 
ascending  current  divides,  and  a  descending  current  flows  down  Mween 
the  upward  currents. 

The  discovery,  says  Silliman,  of  the  highly  paramagnetic  character  of 
oxygen  gas,  and  of  the  neutral  character  ot  nitrogen,  the  two  con- 
stituents of  air,  is  justly  esteemed  a  fact  of  mat  importance  in  studving 
the  phenomena  of  terrestrial  magnetism.  We  thus  see  that  one-fifth  ot 
the  air  by  volume  consists  of  an  element  of  eminent  magnetic  capacity, 
after  the  manner  of  iron,  and  liable  to  mat  physical  changes  of  densi^, 
temperature,  &c.,  and  entirely  independent  of  the  solid  earth.  In  this 
medium  hang  the  magnetic  needles  used  as  tests,  and  as  this  mag- 
netic medium  is  daily  heated  and  cooled  by  the  sun's  rays,  its  power  of 
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tmumitting  Uie  lines  of  msgnetio  force  b  then  affected,  inflnenciiig 
ondoabtedlj  the  dinnud  chaiwes  of  the  msgnetic  needle. 

For  a  complete  digest  ot  Fuadaj's  discoveriea  in  diamagnetiun  the 
reader  is  referred  to  the  second  edition  of  Dr,  No&d'g  comprehenaiTe 
■nd  learned  irork  entitled  "  A  Manoal  of  Electricity ." 

Coming  alvaja  from  the  highest  walks  of  philosoph;  to  lower  and 
"commnH  Ikingi"  one  caimot  help  beinz  reminded  of  the  old-fashioned 
method  of  dramng  up  a  slnj^h  fiie,  and  the  natural  qaerj  ia  luffgested 
whether  the  poker  is  to  be  coniideied  as  a  weak  magnet,  and  tues  in- 
flnence  and  draw  towards  the  fire  a  greater  sappL;  of  magnetic  oijrgen 
gasP    (Tig.  274.) 


ID  ahUiei  bright  r-In  neb  i  night  ■■  thU."— 7^  11 


CHAFi'EE  XXL 


UGHt,  optics,  1 


"To  irild  reSoed  nM,to  Mint  th 
To  throw  ft  perFome  oo  the  Tioli 
To  •nwoth  I^e  Ice,  or  add  uiotl 


li  HuMM  ind  ridiculoiu  H«u." 
rzBnonOH  admits  of  no  addilion,  and  it  ia  just  this  feeling  that 
might  check  the  most  eloquent  speaker  or  brilUant  writer  who  attempted 
to  offer  in  appropriate  laneu^e,  the  praises  dtie  to  that  lirst  great 
creation  of  the  Almighty,  nnea  the  Spirit  of  God  moved  upon  the  f«ce 
of  the  waters  and  said,  "  Let  there  be  light."  If  any  poet  micht  be 
permitted  to  land  and  glorify  this  tranacendant  gift,  it  shoidd  Be  the 
inspired  Milton;  who  haviog  enjoyed  the  blessing  of  light,  and  vitoeued 
the  varied  and  beautiful  pDeuomeiis  that  acconipany  it,  could,  when 
affiictcd  by  blindness,  speak  rapttuousiy  of  its  creation,  in  those  sublime 
■trains  brginuing  with — 


Spnmg  bam  the  deep :  And  from  ber  uftdTS  eut 
T^  Jonraej  Ibrongh  tbe  ilr;  gloom  btgtu. 
Sphered  In  -  — "— ■  -'—• '  '^-  — •  ••■ 

WuDOll  I 


H  doodj  tjibeniicla 
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8q|oiim'd  the  while.   Ood  saw  the  light  was  good. 
And  liriit  from  darknaM  bgr  the  hemisphere 
DividM :  light  the  day,  and  darkness  night, 
He  named*' 

There  cannot  be  a  more  elorions  theme  for  the  poet,  than  the  vast 
utility  of  light,  or  a  more  sublime  spectacle,  than  the  yari^  and  beantiful 
phenomena  that  accompany  it.  Ever  since  the  divine  command  went 
forth,  has  the  sun  contiauea  to  shine,  and  to  remain,  "  till  time  shall  be 
no  more,"  the  great  source  of  light  to  the  world,  to  be  the  means  of 
disclosing  to  the  eye  of  man  all  tne  beautiful  and  varied  hues  of  the 
organic  and  inorganic  world.  By  the  help  of  light  we  enjoy  the  pris- 
matic colours  of  the  rainbow,  the  lovely  and  ever  chanmng  and  ever 
vaiieMl  tints  of  the  forest  trees,  the  flowers,  the  birds,  ana  the  insects ; 
the  different  forms  of  the  clouds,  the  lovelv  blue  sky,  the  refreshing 
men  fields;  or  even  the  graceful  adornment  of  "the  fair,"  their  beautifm 
dresses  of  exquisite  patterns  and  colours.  Light  works  insensibly,  and  at 
all  seasons,  in  promoting  marvellous  chemical  chan^,  and  is  now  fairly 
engaged  and  used  for  man's  industrial  purposes,  m  the  pleasing  art  of 
photography ;  just  as  heat,  electricity,  and  magnetism,  (all  imponderable 
and  invisible  agents,)  are  employed  usefully  in  other  ways. 

The  sources  from  whence  lignt  is  derived  are  six  in  number.  The 
first  is  the  sun,  overwhelming  us  with  its  size,  and  destroying  life, 
sometimes,  with  his  intense  heat  and  light,  when  the  piercing  ravs  are  not 
obstructed  by  the  friendly  clouds  and  vapours,  which  temper  ana  mitigate 
their  intensity,  and  prevent  the  too  frequent  recurrence  of  that  quick  and 
dire  enemy  to  man,  the  coup  de  toUil. 

I  may  here  perhaps  introduce  a  few  remarks  concerning  those  curious 
substances  called  phosphorescent  which  retain  for  a  shorter  or  lon^ 
time  the  light  reoeiv^  from  the  tun  or  other  source  of  light,  and  shine 
like  glow-worms  in  the  dark.  The  li^ht  given  out  in  this  manner  is 
unaccompanied  by  heat,  and  many  artificial  compounds  are  now  pre- 
pared which  exhibit  the  phenomenon  to  an  astonishing  extent.  One  of 
these  has  latelj  formed  the  subject  of  a  patent  under  the  name  of 
Balmain's  Lummous  paint,  and  as  this  compound  is  likely  to  come  into 
pretti^  general  use  it  may  be  of  interest  to  trace  in  a  brief  manner 
the  history  of  phosphorescent  bodies. 

In  the  year  1602  a  poor  cobbler  of  Bologna,  who  was  smitten  with 
the  gold  lever  which  tiien  prevailed  in  the  form  of  a  continual  search 
after  the  fabulous  phiiosopner's  stone,  picked  up  a  curious  mineral. 
His  attention  was  attracted  by  its  unusual  weight,  and  he  immediately 
lumped  to  the  conclusion  that  its  heaviness  must  be  due  to  the  presence 
of  gold.  In  a  word,  he  believed  his  prize  to  be  the  veritable  philo- 
sopher's stone.  Taking  it  home,  he  placed  it  in  a  crucible  with  some 
charcoal  and  eagerly  watched  for  the  appearance  of  the  precious  metal. 
I  need  hardly  say  that  no  gold  became  apparent,  but  the  stone  under- 
went a  strange  modification.  It  had  become  phosphorescent,  and  had 
acc|uired  the  property  of  shining  in  the  dark  alter  insolation— 1>.  after 
being  exposed  to  sunlight. 
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This  stone  was  anlphftte  of  barinm,  which  bj  treatment  with  diaiooal 
was  converted  to  bariom  sniphide,  a  well-known  substance  now  pre- 
pared in  a  more  direct  manner.  In  1663  an  Englidi  chemist  found 
that  the  diamond  and  other  crrstals  exhibited  to  a  certain  extent  the 
same  properties.  A  few  Tears  later  another  experimenter  found  that  a 
luminous  substance  ooula  be  prepared  from  nitrate  of  lime.  But  in 
1761  a  still  more  phosphorescent  body  was  compounded  bjCuiton,  and 
this  is  still  known  as  Canton's  Phosphorus.  The  formula  for  it  is  as 
Mows : — 

Sifted,  calcined  oyster  shells     ...    3  parts 

Sulphur 1  part 

This  mixture  is  submitted  to  a  strong  heat  in  a  crucible,  and  the  result- 
ing mass  is  sulphide  of  calcium,  or,  as  already  stated,  Canton's  phos- 
pborus.  It  can  also  be  prepared  by  calcining  piaster  of  Paris  (sulphate 
of  lime)  with  diarcoal.  It  is  a  white  powder,  with  that  strong  and 
extremelr  unpleasant  odour  characteristic  of  rotten  eggs.  It  should  be 
presenred  in  a  well  stoppered  bottle,  when  it  will  retain  its  luminoos 
uroperty — ^that  is  after  occasional  exposure  to  light^or  many  vesrs. 
Inoeed,  there  is  now  preserred  a  tube  of  the  powder,  preparea  one 
hundred  years  ago  by  Canton  himself,  which  still  shines  most  brilliantly 
after  insolation. 

The  composition  of  Balmain's  paint  is  not  published,  but  it  is  no 
doubt  a  moaification  of  Canton's  phosphorus  so  blended  with  oil  and 
yarnish  that  it  can  be  applied  as  easily  as  ordinary  pigment.  Its  basis 
is  a  phosphorescent  powder,  made  I  belleye  by  an  assistant  of  M. 
Becquerel,  a  scientific  gentleman  who  has  worked  in  this  particular 
direction,  and  has  produced  compounds  far  more  luminous  than  any 
preyiously  known.  He  has  also  greatly  added  to  our  knowledge  of 
this  class  of  bodies  by  the  ii^yention  of  a  piece  of  apparatus  known  as 
Becquerel's  Phosphoroscope.  By  this  machine  many  things  haye  been 
found  to  be  phosphorescent  for  a  few  seconds  after  exposure  to  sun- 
light. I  haye  not  space  to  deyote  to  a  full  consideration  of  the  phos- 
phoroscope, but  I  may  briefly  describe  it  as  a  closed  box  with  two 
openings,  one  of  whicn  admits  the  sunlight,  the  other  bein^  for  obser- 
vation. The  substance  under  examination  is  placed  withm  this  box, 
and  a  rotating  screen  permits  it  to  be  seen  several  times  a  second. 

The  followmg  are  some  of  the  uses  to  which  it  is  proposed  to  apply 
the  new  compound.  The  names  of  streets,  numbers  of  houses,  painted 
with  it  will  easily  be  decii)herable  in  the  darkest  night.  So  also  will 
he  such  notices  as  "  Lodgings  to  Let,"  "  Apartments,"  and  such  like 
advertisements.  For  fancy  articles,  its  applications  will  be  endless,  and 
we  may  soon  hope  to  see  boxes,  fans,  and  ail  kinds  of  things  decorated  in 
this  manner.  Mr.  Woodbury  lately  showed  me  a  photographic  portrut 
on  glass,  which  he  had  backed  up  with  a  card  covered  with  phospho- 
rescent material,  and  the  effect  in  the  dark  was  most  curious,  not  to  say 
spectral.  But  far  more  important  uses  are  prophesied  for  the  new  paint^ 
and  in  its  application  to  life-buoys  and  belts  it  is  no  doubt  destined  to 
save  many  lives.  It  has  also  been  tried  with  success  in  powder  magarines, 
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spirit  vanlts,  and  other  places  vhere 
tae  use  of  oidinur  artifidil  light* 
is  objectionable.  The  eTolution  of 
ligbt  it  not,  however,  confined  to  the 
son,  and  it  emaiutes  [reel;  from  ter- 
reatrial  matter  bj  mechanical  action, 
either  bj  friction,  or  in  some  ewe  ' 
merepercneaion.  Thus  the  axles 
of  railwa;  carriages  soon  become 
red  bot  b;  fiietioa  if  the  oil  holes 
are  stopped  up ;  indeed  hot  axles 
are  rety  frequent  in  railwaj  tis- 
Telliug,uid  when  this  happens, 
a  strong  smell  of  bnnung  oil 
is  apparent,  and  flamea  come 
out  of  the  axle  box.  The  knife- 
Hinder  offers  a  familiar 
Imiilc  of  fho  prodiiL'tion 
of  light  hj  the  attrition  of 
iron  or  steel  agaiitst  hi.'i 


The  same  result  on 
tonch  gruider 
scale  is  prodnced 
b;  the  apoaratos 
inrcntcd  o;  the 
late  Jacob  Per- 
kins; thecombiu- 
tionof  steel  cnimes 


J'/  /^  '       "  TO. 

/  ^         ofatoftiri 


under  the  action, 
iz.,  the  friction 
iron  disc  revolt- 
ing with  great  velocity 
against  a  file  or  other 
,-.•  '  jf  ^  convenient  piece  of  har^ 

'C'.'i^^  "^  "^CMd  steel.  (Tig,  27B) 
The  stand  has  a  disc  of  soft 
iron  fixed  upon  an  axis,  trhich 
revolves  on  two  anti-friction 
vrheeb  of  brass.  The  disc,  bj 
means  of  a  belt  worked  over  a 
wheel  immediatel;  below  it,  is 
mitdc  to  perform  5000  revolu- 
tions per  Tninnte.  If  tbe 
hardest  file  is  pressed  against 
Ihe  edee  uf  the  revolving  disc, 
the  velocitv  of  the  latter  pro- 
duces sufficient  heat  bj  the 
fnnat  frieiion  to  melt  that  por- 
Uooofthc  file  which  is  braught 
in  contact  with  it,  whilst  soma 
particles  of  the  file  are  torn 
away  wi(b  violence  and  being 
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projected  into  the  air,  bum  with  that  beautiful  effect  so  peculiar  to 
steel  If  the  experiment  is  performed  in  a  darkened  room,  the  pe- 
riphery of  the  reyolving  disc  will  be  observed  to  have  attainea  a 
luminous  red  heat.  Thirty  years  a^  eyeiy  house  was  provided  with  a 
"  tinder-box"  and  matches  to  "  strike  a  Ught."    Since  the  advent  of 

Srometheans  and  lucifers,  the  flint  and  steel,  the  tinder,  and  the  matches 
ipped  in  sulphur,  have  all  disappeared,  and  now  the  box  might  be 
deposited  in  any  antiquarian  museum  under  the  portrait  of  Gay  Fawkes, 
and  labelled,  '*  an  instrument  for  procuring  a  light,  extenaivelj  used  in 
the  early  part  of  the  nineteenth  century."  (Fig.  277.) 


Flg.S77-    0.  Theiteel.    b.  The  flint    s.  The  tinder. 

old-fiuhioned  tlnder*boz,  a. 


B.  The  matches  of  the 


The  rubbing  of  a  piece  of  wood  (hardened  by  fire,  and  cut  to  a  point) 
against  another  and  softer  kind,  has  been  used  from  time  immemoriu 
by  savage  nations  to  evoke  heat  and  light ;  the  wood  is  revolved  in  the 
fashion  of  a  drill  with  unerring  dexterity  by  the  hands  of  the  savan, 
and  being  surrounded  with  light  chips,  and  gently  aided  by  the  br^tn, 
the  latent  fire  is  bv  great  and  incessant  labour  at  last  procured.  B  jw 
favourably  the  moaem  lucifers  compare  with  these  laborious  efforts  of 
barbarous  tribes !  a  child  majr  now  procure  a  light  with  a  chemicallj 
prepared  metal,  and  great  merit  is  due  to  that  person  who  first  devised 
a  method  of  mixing  together  phosphorus  and  chlorate  of  potash  and  so 
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•diDtted  these  dangerans  nuterials  that  they  are  u  safe  as  the  "  old 
tmdet-boi,"  and  have  now  beoome  one  of  our  domestio  ueceesaries. 
lenitLon,  or  the  increase  of  heat  in  a  solid  bod;,  is  another  Boorce  of 
light,  and  ia  well  illnitrated  in  the  production  of  iUiiminating  power 
from  the  combustion  of  tallow,  oil,  wai,  CAmphine  or  coal  gas.  The 
term  ^Uion  is  denTed  from  the  Latin  {iffni*,  fire),  and  is  quite  distioct, 
and  has  a  totally  different  meaning  from  that  of  coMbuttim.  If  a  ^Jass 
jar  ia  filled  with  carbonic  odApa,  and  a  little  trajpkced  in  it  contaaiing 
some  gun  cotton,  it  will  be  foond  impossible  to  Src  the  latter  with  a 
lighted  taper,  i.e.  b;  combustion  (amburo,  to  bom),  because  the  g»s 
extinguishes  flame  whii^  is  dependent  on  a 
snpp^  of  oxygen;  whereas  if  a  coppo'  or 
other  metallic  wire  is  made  red  hot  or  ignited, 
the  carbonic  acid  has  no  effect  upon  the  heat 
and  the  red  hot  wire  being  passed  through 
thegas,  the  gun  cotton  is  immediatelj  fired 

Eume  consists  of  three  parts — m.,  of  an 
ontei  film,  which  comes  directly  in  contact 
with  the  air,  and  has  little  or  no  luminosity 
also  of  a  second  film,  where  carbonis  deposited 
and,  first  by  igmtioit,  and  finally  by  com 
bustion,  produces  the  light;  and  thinily  of 
an  intfnior  space  containing  unbumt  gs^ 
whioh  is,  as  it  were,  waiting  its  tnm  to  reach 
the  external  air,  and  to  be  consumed  in  the 
ordinary  manner.  (Fig.  £7S.) 

Qiemical  action  and  elecmeity  have  been 
so  frequently  mentioned  in  this  work  as  a 
source  of  heat  and  light,  that  it  will  be  nn 
necessary  to  do  more  than  to  mention  them 
here,  wnilat  phosphorescence  (the  sixth 
e  of  light)  in  dead  and  liring  matter 


a  Epontaneons  production  of  light,  ia 
"gW-wo; 


weU 


known  and  exemplified  in  the  " , , 
the  "fire-fly,"  the  luminosity  of  the  water  of 
the  ocean,  or  the  decomposing  remains  of 
certain  flsh,  and  even  of  human  bodies.  Phos- 
phorescence is  still  more  cnrionsly  exempH- 
ned  by  holding  a  sheet  of  white  paper,  a  cal- 
cined oyster-suell,  or  eTen  the  hand,  in  the 
sun's  rays,  and  then  retiring  quickly  to  a 
darkeneo  room,  when  they  appear  to  be  lu- 
minous, and  visible  eren  after  the  light  has 
ceased  to  fall  upon  them. 
For  the  purpose  of  examining  the  tempo-  ; 

rary  phosphorescence  of  vaiious  bodies,  Ji.    ' --..— 

Eecquerel  has  inrented  a  most  ingenious  in-  £^ESiS''Jd'£!«^ 
atrument,  called  the  "  phosphorescope."     It  InUriar.eaotaiDfclrraba 
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oonsists  of  a  cylinder  of  wood  one  inch  in  diameter  and  seven  inchei 
long,  placed  in  the  angle  of  a  black  box  with  the  electric  lamp  inside, 
so  that  three-fourths  of  the  cylinder  are  visible  outside,  ana  the  le* 
maining  fourth  exposed  to  the  mterior  electric  light. 

Bv  means  of  proper  wheels  the  cylinder,  covered  with  anj  substance 
(such  as  Becquerel  s  phosphori),  is  made  to  revolve  300  times  in  a 
second,  and  by  using  this  or  a  lesser  velocity,  the  various  phosphori 
are  &9t  exposed  to  a  powerful  light  and  then  brought  in  view  or  the 
spectator  outside  the  box. 

It  is  understood  that  light  is  produced  by  an  emanation  of  rays  from 
a  luminous  body.  If  a  stone  is  thrown  from  the  hand,  an  arrow  shot 
from  a  bow,  or  a  ball  from  a  cannon,  we  perfectly  understand  how  either 
of  them  may  be  propelled  a  certain  distance,  and  why  they  maj  travel 
through  space ;  but  when  we  hear  that  light  travels  from  the  sun,  which 
is  ninety-five  millions  of  miles  away  from  the  earth,  in  about  seven 
minutes  and  a  half,  it  is  interesting  to  know  what  is  the  kind  of 
force  that  propeU  the  light  throuffh  that  vast  distance,  and  also  what  is 
supposed  to  be  €ne  nature  of  the  light  itself. 

xhere  are  two  theories  bv  which  the  nature  of  lights  and  its  propaga- 
tion through  space,  are  explained ;  they  are  named  after  the  celebrated 
men  who  proposed  them,  as  also  from  the  theoretical  mechanism  of  their  re- 
spective modes  of  propulsion :  thus  we  have  the  Newtonian  or  eorptucMiar 
tneory  of  light,  and  the  Huyghenian  or  undulatarviheorj;  the  first  named 
after  Sir  mac  Newton,  ana  the  second  after  Huyghens,  another  most 
learned  mathematician.  Many  years  before  Newton  made  his  grand  dis- 
covery of  the  composition  of  light  in  the  year  1672,  mathematicians  were  in 
favour  of  the  uttauiaioiy  theory,  and  it  numbered  amongst  its  supporters 
not  onlv  Huyj^hens,  but  Descartes,  Hook,  Malebranehe,  and  other  kanied 
men.  Mankind  has  always  been  glad  to  follow  renowned  leaders^  it  is 
so  much  easier,  and  is  in  most  cases  perhaps  the  better  course,  to  resign 
individual  opinion  when  more  learned  men  than  ourselves  not  only  adopt 
but  insist  upon  the  truth  of  their  theories ;  and  this  was  tiie  case  with 
the  corpuscular  theory,  which  had  been  written  upon  systematically  and 
supported  by  Empedocles,  a  philosopher  of  Agrigentum  in  Sicily,  who 
lived  some  444  years  before  the  Christian  era,  and  is  said  to  have  been 
most  learned  and  eloquent^   he  maintained  that  light   consisted  of 

dides  projected  from  luminous  bodies,  and  that  vision  was  performed 
I  by  tne  effect  of  these  particles  on  the  eye,  and  by  means  of  a  visual 
influence  emitted  by  the  eye  itself.  In  course  of  time,  and  at  least  2000 
years  after  this  theory  was  advanced,  philosophers  had  gradually  rejected 
the  corpuscular  theory,  until  the  great  Newton,  about  the  middle 
of  the  seventeenth  century,  advanced  as  a  champion  to  the  rescue,  and 
stamping  the  hypothesis  with  his  approval,  at  once  led  away  the  whole 
army  of  philosopners  in  its  favour,  so  that  till  about  the  beginning  of  the 
nineteenth  century  the  whole  of  the  phenomena  of  light  were  exphtined 
upon  this  hypothesis. 

^  The  corpuscular  theory,  reduced  to  the  briefest  definition,  sappoaei 
tight  to  be  really  a  matenal  agent,  and  requires  the  student  to  odieva 


THE  THB0RIB8  OF  LIGHT.  801 

tbat  this  agent  consists  of  particles  so  inconoeivablj  minnte  that  they 
could  not  be  weighed,  and  ofcourse  do  not  gravitate ;  the  oorpnades  are 
snpposdL  to  be  given  out  bodilv  (like  sparks  of  burning  steel  from  a 
gerb  firework)  from  the  sun,  the  fixed  stars,  and  all  luminous  bodies ;  to 
travel  with  enormous  velodtj,  and  therefore  to  possess  the  property  of 
inertia;  and  to  excite  the  sensation  of  vision  \y  striking  boduv  upon 
the  expanded  nerve,  the  retina,  the  quasi-mind  oi  the  eye.  Dr.  I  oung 
remarks,  "that  according  to  this  projectile  theory  the  force  employed  in 
the  free  emission  of  light  must  be  al)out  a  million  million  times  as  great 
as  the  force  of  gravi^  at  the  earth's  surface,  and  it  must  either  act  with 
equal  intensity  on  all  the  particles  of  li^ht,  or  must  impel  some  of  them 
through  a  greater  space  than  others,  if  its  action  be  more  powerful,  since 
the  velocity  is  the  same  in  all  cases — for  example,  if  the  projectile  force 
is  weaker  with  respect  to  red  light  than  with  respect  to  violet  light,  it 
must  continue  its  action  on  the  red  rays  to  a  greater  distance  than  on 
the  violet  rays.  There  is  no  instance  in  nature  besides  of  a  simple  pro- 
jectile moving[  with  a  velodtr  uniform  in  all  cases,  whatever  may  be  its 
cause ;  and  it  is  extremely  difficult  to  imagme  that  such  an  immense  force 
of  repulsion  can  reside  in  all  substances  capable  of  becoming  luminous, 
so  that  the  light  of  decaying  wood,  or  two  pebbles  rubbed  together,  may 
be  projected  precisely  with  the  same  velocity  as  the  light  emitted  by 
iron  burning  m  oxygen  gas,  or  by  the  reservoir  of  liquid  fire  on  the 
surface  of  the  sun.  ^ow  one  of  the  most  striking  circumstances 
respecting  the  propagation  of  light,  is  the  uniformity  of  its  velocity  in 
the  same  medium.  iHiese  and  other  difficulties  in  the  application  of  the 
corpuscular  theory  aroused  the  attention  of  the  late  Dr.  Young,  and  in 
the  year  1801  he  again  revived  and  supported  the  neglected  undulatory 
theory  with  such  great  ability  that  the  attention  of  many  learned 
mathematicians  was  directed  to  the  subject,  and  now  it  may  be  said 
that  the  corpuscular  theory  is  almost,  if  not  entirely,  rejected,  whilst 
the  undulatory  theory  is  once  more,  and  deservedly,  used  to  explain 
the  theory  of  light,  and  its  propagation  through  space.  By  this  hypO' 
thesis  it  is  assumed  that  the  whole  universe,  including  the  most  muiute 
pores  of  all  matter,  whether  solid,  fluid,  or  gaseous,  are  filled  with  a 
highly  elastic  rare  medium  of  a  most  attenuated  nature,  called  ether, 
possessing  the  property  of  inertia  but  not  of  gravitation.  This  ether  is 
not  light,  but  light  is  produced  in  it  by  the  excitation  on  the  part  of 
luminous  bodies  of  a  vibratory  motion,  similar  to  the  undulation  of 
water  that  produces  waves,  or  the  vibration  of  air  a^Sording  sound. 
Water  set  in  motion  produces  waves.  Air  set  in  motion  produces  waves 
of  sound.  Ether,  i.e,  the  theoretical  ether  pervading  ail  matter,  like- 
wise set  in  motion,  produces  light.  The  nature  of  a  vibratory  medium 
is  indeed  better  understood  oy  reference  to  that  which  we  know 
possesses  the  ordinary  properties  of  matter — ^viz.,  the  air ;  and  by  tracing 
out  the  analogy  between  the  propagation  of  sound  and  light,  the  diffi- 
culties of  the  undulatory  theory  very  quicklv  vanish.  To  illustrate 
vibration  it  is  only  necessary  to  procure  a  fineer  glass,  and  having 
supported  a  little  ebony  ball  attached  to  a  silk  tnread  by  a  bent  brass 
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wire  directly  oyer  it,  so  that  the  ball  may  tench  either  the  oataide  or 
the  inside  of  the  ^laas,  attention  mnst  be  directed  to  the  qniesoenoe  of 
the  ball  when  a  yiolin  bow  is  lightly  moyed  oyer  the  edn  of  the  glaaa 
without  producing  sound,  and  to  the  oontnuy  effect  ootained  by  so 
moying  and  pressing  the  bow  that  a  sharp  sound  is  emitted,  when  im- 
mediately the  little  hall  is  thrown  off  from  the  edge,  the  repulsiye  actioa 
being  continued  as  long  as  the  sound  is  produced  by  the  yibration  of 
the  glass.  (Fig.  279.) 


Flg.S79.   A.  The  linger  glus.    b.  The  violin  bow.    o.  The  dwoy  twlL   The  dotted  hall 
ihowB  how  it  is  repelled  during  the  Tibrtdon  of  tM  glaie. 

Here  the  yibrations  are  first  set  up  in  the  glass,  and  being  communi- 
cated to  the  surrounding  air,  a  sound  is  promiced ;  if  the  same  experi- 
ment could  be  perform^  in  a  yacuum,  the  glass  might  be  yibrated,  but 
not  bein^  surrounded  with  air,  no  sound  would  be  produced.  This  fact 
is  proyea  by  first  ringing  a  bell  with  proner  mechanism  fixed  under  the 
receiyer  placed  on  the  air-pump  plate ;  tne  sound  of  the  bell  is  audible 
until  the  pump  is  put  in  motion  and  the  receiyer  gradually  exhausted, 
when  the  nW^S  noise  becomes  fainter  and  fainter,  \mtil  it  b  perfectly 
inaudible.  This  experiment  is  made  more  instructiye  by  gradually 
admitting  the  air  again  into  the  exhausted  yessel,  and  at  the  same  time 
ring^  Uie  bell,  when  the  sound  becomes  gradually  louder,  until  it 
attains  its  full  power.  The  sun  and  other  luminous  bodies  may  be 
compared  to  the  finger  glass,  and  are  supposed  to  be  endowed 
naturally  with  a  yibratory  motion  (a  sort  of  peri>etual  ague),  only 
instead  of  the  air  being[  set  in  motion,  the  einer  is  supposed  to  be 
thrown  into  wayes,  which  trayel  through  space,  ana  oonyey  the 
impression  of  light  from  the  luminous  object.  Another  familiar 
example  of  an  undulatoiy  medium  is  shown  by  throwing  a  stone 
into  a  pool  of  water;  the  former  immediately  forces  down  ana  displaces 
a  certain  number  of  the  particles  of  the  latter,  consequently  the  sur- 
rounding molecules  of  water  are  heaped  up  aboye  their  leyel ;  by  the 
force  of  grayitation  they  again  descend  and  throw  up  another  waye,  this 
in  8ubsi(fiug  raises  another,  until  the  force  of  the  original  and  loftier 
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mutt  howeTer  be  undeiatood  that  it  is  not  the  particles  of  water  fint 
■Bt  in   motion  that  tiaTcl  and  spread   out   u  eonoentiic  drcles; 


but  the  force  is  profiagated  bj  the  rising  aod  falling  of  each  separate 
particle  of  water  as  it  is  disturbed  b;  the  momentum  of  the  descending 
wave  before  it.  When  standing  at  a  pier-bead,  or  on  a  rock  against 
which  the  sea  dashes,  it  is  mnst  to  hear  the  observer  C17  oat,  if  the 
weather  is  storm;  and  the  waves  verj  higli,  "  Oh !  here  conies  a  great 
wave  I"  as  if  the  water  travelled  bodilj  from  the  spot  where  it  was  first 
noticed,  whereas  it  is  simpt;  the  force  that  travels,  and  is  exerted  GosIIt 
on  tiiewater  nearest  the  rock.  It  is  in  fact  a  progressive  action,  just  aa 
the  wind  sweeps  over  a  wide  field  of  corn,  and  bends  down  the  ears  one 
after  the  other,  giving  them  for  the  time  the  apnearance  of  waves.    The 

Erindple  of  successive  action  is  well  shown  oj  placing  a  number  of 
illiard  bslls  in  a  row,  and  touching  each  other;  if  the  first  is  struck  the 
motion  is  commnnicaled  throug;h  the  rest,  which  remain  immovable, 
whilst  the  last  onlj  fiies  out  of  its  place.  The  force  travels  throngh  all 
the  balls,  which  simplj  act  as  carriers,  their  motion  is  limited,  and  the 
last  only  changes  its  position.     Progressive  movement  is  also  well  dia- 


r  muiHt,  wBli  lh« 
gndullr  M«inB«d 

eight  msgnetiied  needles  on  points  in  a  roWi 
n  one  direction.    (Fig.981.) 
On  approaching  the  north  pole  of  a  bar  magnet  to  the  same  pole  of 
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one  end  of  the  series  of  needles,  it  is  Terf  carious  to  see  them  torn  in  the 
opposite  direction  progressively,  one  after  the  other,  as  the  repulsiTe 
power  of  the  hax  maenet  graduallj  operates  upon  the  simihir  poles  in  the 
magnetic  needles.  The  onanlations  oi  the  waves  of  water  are  also  perfectly 
dhown  by  using  the  apparatus  consisting  of  the  trough  with  tne  glass 
bottom  and  screen  above  it,  as  describeaat  page  10.  The  transmission 
of  vibrations  from  one  place  to  another  is  also  admirabljr  displayed  in 
Professor  Wheatstone's  Telephonic  Concert  (see  page  picture),  where 
the  musical  instruments,  as  at  the  Pol^rtecnnic,  were  phkoed  by  the 
author  in  the  basement,  and  the  vibration  only  conducted  bv  wooden 
rods  to  the  sounding-boards  above,  so  that  the  music  was  laia  on  like 
gas  or  water.  These  vibrations  or  undulations  in  air,  water,  and  the 
tneoretical  ether,  have  therefore  been  called  waves  of  water,  waves  of 
sound,  and  waves  of  light,  just  as  if  three  clocks  were  made  of  three 
diiferent  metals,  the  mechanism  would  renudn  the  same,  though  the 
material,  or  in  this  case  the  medium,  be  diiferent  in  eacL 

Any  increase  in  the  nimiber  of  vibrations  of  the  air  produces  acute, 
whilst  a  decrease  attends  the  grave  sounds,  and  when  the  waves  succeed 
each  other  not  less  than  sixteen  times  in  a  second,  the  lowest  sound  is 
produced.  Light  and  colours  are  supposed  to  be  due  to  a  similar 
cause,  and  in  order  to  produce  the  red  ray,  no  less  than  477  millions  of 
millions  of  vibrations  must  occur  in  a  second  of  time;  the  oranse,  606; 
yellow,  535;  ^preen,  677;  blue,  622;  indigo,  668;  violet,  699;  and 
white  light,  which  is  made  up  of  these  colours,  numbers  541  millions  of 
millions  of  undulations  in  a  second. 

Although  light  travels  with  such  amazing  rapidity,  there  is  of  course 
a  certain  time  occupied  in  its  passage  throi^  space — ^there  is  no  sudi 
thing  as  instantaneity  in  nature.  A  certam  period  of  time,  however  small, 
must  elapse  in  the  performance  of  anj  act  whatever,  and  it  has  been 
proved  by  a  careful  observation  of  the  time  at  which  the  edipses  of  the 
satellites  of  Jupiter  are  perceived,  that  light  travels  at  the  rate  of 
192,500  miles  per  second,  and  by  the  aberration  of  the  fixed  stars, 
191,515,  the  mean  of  these  two  sets  of  observations  would  probaUv 
afford  the  correct  rate.  Such  a  velocity  is,  however,  somewhat  difficuft 
to  appreciate,  and  therefore,  to  assist  our  comprehension  of  their  great 
magmtude.  Sir  J.  Herschel  has  given  some  very  interesting  comparative 
calculations,  and  coining  from  such  an  authority  we  can  readily  believe 
them  to  be  correct. 

"A  cannon-ball  moving  uniformly  at  its  greatest  velodtv  would 
require  seventeen  years  to  reach  the  sun.  Light  performs  the  same 
distance  in  about  seven  minutes  and  a  half. 

"  The  s\riftest  bird,  at  its  utmost  speed,  would  reauire  nearly  three 
weeks  to  make  the  tour  of  the  earth,  supposing  it  coula  proceed  without 
stopping  to  take  food  or  rest.  Light  performs  the  same  distance  in 
less  time  than  is  reauired  for  a  single  stroke  of  its  wing." 

Dismissing  for  tne  present  the  theory  of  undulations,  it  will  be 
necessary  to  examine  tne  phenomena  of  ught,  regarding  it  as  radiant 
matter^  without  reference  to  either  of  the  contending  theories. 
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Idght  isBiies  Irom  the  ann,  passes  thnntgh  millions  of  miks  to  the 
earth,  and  as  it  falls  npon  different  subat&nces,  &  varietj  of  effects  are 
aDpareat.  There  is  a  certain  class  of  bodies  vhich  obstruct  the  passase 
of  the  rajs  of  light,  and  where  light  is  not,  a  shadow  is  cast,  and  the 
substance  producine  the  shadow  is  said  to  be  opaqae.  Wood,  stone, 
the  metals,  charcoal,  are  all  eiomplea  of  opacity;  wliilst  glass,  talc,  and 
horn  alloir  a  certain  number  of  the  rajs  to  travel  through  their  par- 
ticles, and  are  therefore  called  transparent.  Nature,  however,  never 
indulges  in  sudden  extremes,  and  as  no  substance  is  so  opaaue  as  not 
(when  reduced  in  thicknesa)  to  allow  a  certain  amount  of  light  to  pass 
through  its  substance,  so,  on  the  other  hand,  however  transparent  a 
body  ma;  be,  a  greater  or  lesser  number  of  the  rajs  are  alwajs  stopped, 
and  hence  apacitj  and  tranaparencj  are  regarded  as  two  extremes  of  a 
long  chain;  being  connectea  together  b;  numerous  intermediate  liulu, 
the^  pass  bj  insensible  ^nidatious  the  one  into  the  other. 

If  a  gold  leaf,  which  is  about  the  one  two-hundredth  port  of  an  inch 
in  thickness,  is  fixed  on  a  glass  piste  and  held  before  a  light,  a  green 
colour  u  apparent,  the  gold  appearing  like  a  green,  semi-transparent 
substance.  When  plates  tif  glass  are  laid  one  above  the  other,  and  the 
llanM  of  a  candle  observed  tbrongh  them,  the  light  decreases  enor- 
monslv  as  the  number  of  gloss-plat^  are  increased.  Even  in  the  air  a 
CDQsiaerable  portion  of  lignt  is  intercepted.  It  has  been  estimated  that 
of  the  homontal  snnbeatns  passing  through  about  two  hundred  miles  of 
ur,  one  two-thousandth  port  only  reaches  us,  and  that  no  sensibte  light 
can  penetrate  more  than  seven  hundred  feet  deep  into  the  sea ;  conse- 
quentlj,  the  vast  depths  discovered  in  lajing  the  AtUntic  telegraph 
'  "--  -ji  absolate  darkness. 


aU 


Li^ht  is  thrown  out 


bod;  like  the  spokea  of  a 
cart-wheel,  and  in  the  ab- 
sence of  anj  obstruction,  the 
raja  are  distributed  equallj 
onaUsides.diverginglikethe 
radii  drawn  from  the  centre 
of  a  circle.  As  a  lutural 
con3e{|uenoe  arising  from 
the  divergence  of  each  raj 
from  the  other,  the  intensity 
of  light  decreases  as  the 
distance  from  the  luminous 
source  increases,  and  viae 
veTti.  Perhaps  the  best  me- 
chanical notion  of  this  law 
is  afforded  bj  an  ordinarr 
fan;  the  point  from  vhtcn 
the  sticks  radiate,  and  where 
the  J    all    meet,    maj    be 
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termed  ttie  light;   the  Bticks  are  the  ma  proceeding  &om  it.  (FSc 
28a.) 

The  fan  is  held  in  one  himd,  and  the  firat  finser  of  the  other  cui  be 
made  to  toocli  all  the  sticks  if  placed  aofficientl;  near  to  a  ;  and  sup- 
posing the  sticks  aic  called  rays  of  light,  the  intensity  most  be  great  at 
that  point,  becaiue  all  the  ra;a  fall  upon  it  ^  bat  if  the  finger  ia  remoTed 
towards  the  oater  edge — viz.,  to  s,  it  dot  onlj  touchea  some  three  or 
fojti  sticks  i  aud  pursuing  the  analog,  a  vei^  few  lajs  foil  upon  that 
point — hence  the  light  has  decreased  in  intensity,  or  to  speak  correotlj, 
"  Light  decreases  iavcrselj  as  the  squares  of  tiie  distance."  1^  law 
has  already  heen  illustrated  at  page  13 ;  and  as  an  eiperimeot,  the 
rays  from  the  oiy-hjdnwen  lantern  may  be  permitted  to  pass  out  rf  a 
square  hole  (say  two  incnes  square],  and  suould  be  thrown  on  to  a 
transparent  screen  divided  into  aquarea  by  dark  lines,  so  that  the  light 
at  a  certain  distance  illununates  one  of  them ;  then  it  will  bs  fonnd  that 
at  twice  the  distance,  four  may  be  illuminated,  at  three  times  nioc^  aud 
so  on.    (Fig.  383.) 


nin*  «qral  •qDua. 


Upon  thia  law  is  baaed  the  use  of  photometers,  or  instnunents  for 
meaaoring  li^t,  and  supposing  it  was  required  to  estimate  roughly  the 
illaminatmg  power  of  anv  lamp,  as  compared  with  Ute  UgtA  oT  a  wu 
candle  six  ia  the  pound,  the  ciperiment  should  be  condncted  in  a  duk 
room,  from  which  every  other  light  but  that  from  t^  lamp  and  candle 
under  examination  must  be  excluded. 

The  lamp,  with  the  chimney  only,  is  now  placed  say  twelve  feet  from 
thewall,  and  a  stick  or  rod  is  placed  upright  and  about  two  inches  from 
the  latter,  so  that  r  shadow  is  cast  on  the  wall ;  if  the  candle  is  now 
lighted  and  allowed  to  burn  up  properly,  two  shadows  of  the  stick  will 
be  apparent,  the  one  from  the  lamp  b^ng  bUck  and  distinct,  and  tba 
other  from  the  candle  extremely  faint,  until  it  is  approached  nearer  tbs 


PHOTOtfETRT. 


307 


wall — say  to  within  three  feet — ^when  the  two  shadows  may  be  now 
equal  in  blackness.    (Tig.  284.)    After  this  is  apparent  to  one  or  more 


|i  >^sjsj^'is.>J'AJl!y  A.^>!ANAoJ>iNAAJ^^gr 


Fig.  284.   ▲.  The  lamp.    b.  The  candle,    c.  The  rod  throwing  the  two  fhadows,  marked 

n  and  s,  on  a  white  wall  or  a  sheet  of  paper. 

persons,  the  distances  of  the  lamp  and  candle  from  the  wall  are  carefully 
measured,  and  being  squared,  and  the  greater  divided  by  the  lesser 
number,  the  quotient  gives  the  illuminating  power.    For  example : 


The  lamp  was  12  feet  from  the  wall 
The  candle  was  3  feet 


}> 


.    12x12  =  144. 
.      3x    3=     9. 


9)144 

Therefore  the  illuminating  power  of  the  lamp  is  equal  to  16  wax  candles 
six  to  the  pound. 

There  are  other  and  more  refined  means  of  working  out  the  same 
fact,  but  for  a  rough  approximation  to  the  truth,  the  phm  already  de- 
scribed will  answer  very  fairly. 

A  most  amusing  effect  can  be  produced  on  the  principle  that  every 
light  casts  its  own  shadow,  callea  the  "  dance  of  death,"  or  the  "dance  of 
the  witches ;"  either  of  these  agreeable  subjects  are  drawn,  and  the  out- 
lines cut  out  of  a  sheet  of  cardboard.  If  a  wet  sheet  is  stretbhed  or  hunff 
on  one  side  of  a  pair  of  folding  doors  partly  open,  and  between  which 
the  cardboard  is  tacked  up,  ana  the  space  left  at  the  top  and  bottom 
closed  with  a  dark  cloth,  directly  the  room  before  the  sheet  is 
darkened  and  a  lighted  caudle  hela  behind  the  figure  cut  out  in  the 
cardboard,  one  shadow  or  image  is  thrown  upon  the  sheet,  and  these 
shadows  may  be  increased  according  to  the  number  of  candles  used,  and 
if  they  are  neld  by  two  or  three  persons,  and  moved  up  and  down,  or 
sideways,  the  shadows  follow  the  direction  of  the  candles,  and  present 
the  appearance  of  a  dance.    (Fig.  285.) 

x2 
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Another  Terr  coDiic  elTect  of  shadow  is  lliat  cslled  "jompiog  Dp  to 
the  eeiliug,"  and  when  carried  out  oi  a  large  gcote  b;  the  author  on  an 
enormous  sheet  suspended  in  the  centre  transept  of  tie  Crjslal  Palace, 
Sydenham,  it  hod  a  most  Uughable  effect,  and  caused  the  greatest 
amusement  to  the  childrea  oF  alTages.     (Fig,  SS?.) 
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This  very  telling  result  is  produced  bj  ptaciug  au  oty-bjdroeeu  light 
some  feet  bebind  a  large  sbeet,  and  of  course  if  anj  one  passes  Mtweeu 
.  the  two  a  shadow  of  the  indiTidua]  is  cast  upon  the  sbcet,  then  bj 
walking  towards  the  light  the  figure  diminishes  m  lite,  aud  b;  jumping 
oTer  it  the  shadow  aopetin  to  go  up  lo  tbe  ceiling,  and  to  come  down 
when  the  jump  is  maae  b  the  opposite  direction  oret  the  light  and  towards 
the  sheet.     Tbe  rationale  of   this  experiment  is  ver;  simple,  aod  is 
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another  proof  of  the  distribution  of  light  from  a  luminous  source  being 
in  erery  direction.    Bj  jumping  over  the  light  the  radii  projected  from 

the  candle  over  the  sheet  are 
crossed,  and  the  shadow  rises  or 
^'^^  falls  as  the  figure  passes  upwards 

*'^-.,^  or  downward.  (Fig.  988.) 

***-.  ^^'^^^  A  beam  of  light  is  defined  to 

'  \,  •-..,       y^.^    ^ *,^^  be  a  collection  of  rays,  and  it  is 

"'y- —  ">^        ^^^        a  convenient  definition,  because 

/ /Irir.tvlW]         ^k      it  prevents  confusion  to  speak 

*"        T       .i-'''''''cL  only  of  one  raj  in  attempting  to 

■..--""  j,^'''      II  explain  how  hght  is  dispose!  of 

^^^ — ■      ^/  ^L  under  peculiar  circumstances. 

\,''''  <mt  The  smallest  portion  of  light 

..^  H .  which  it  is  supposed  can  be  se- 

gS>%_  parated  is  therefore  called  a  ray, 

-^^B^^  and  it  will  pass  through  any  me- 

dium  of  the  same  density  in  a 

Pig.  288.  The  rayi  of  light  inarked  a  b  c  p  b  „p-fp«f  i«  =+ niii»>»f  1ini»  •  hnt  if  \t 
proceeding  from  a  lighted  candle  or  oxr-hydro-  pcneciiy  SiraigM  ime ,  DUU  II  IC 
gen  light.     The  arrow  pointing  to  the  ri^ht    passes  OUt  of  that  medium  mto 

*r^TJ!'^T'J}^  ??Z\2S!S^.i?2'°SSf  another  of  a  different  density,  or 

up  to  the  ceibng ;  and  the  second  arrow,  point-    .  ,  ,.«     .   .«" 

ing  to  the  leairtiowa  the  reverse.  mtO    any   Other   solid,  fluid,  or 

gaseous  matter,  it  may  be  dis- 
posed of  in  four  different  ways,  being  either  reflected,  refracted,  polar- 
ued,  or  absorbed. 

The  reflection  of  light  is  the  first  property  that  will  be  considered, 
and  it  will  be  found  that  eveij  substance  m  nature  possesses  in  agrcAter 
or  lesser  degree  the  power  of  throwing  off  the  rays  of  light  which  fall 
upon  them.  Thus  if  we  go  into  a  room  perfectly  darkened,  containing 
every  kind  of  work  produced  by  nature  or  art,  such  as  flowers,  birds, 
boxes  of  insects,  rich  carpets,  hangings,  pictures,  statuary,  jewellery, 
&c.,  they  cannot  excite  any  pleasure  because  they  are  invisible,  but 
directly  a  lighted  lamp  is  brought  into  the  chamber,  then  the  rays  fall 
upon  all  the  surroundmg  objects,  and  being  reflected  from  their  surfaces 
enter  the  eye,  and  there  produce  the  phenomena  of  vision. 

This  connexion  between  luminous  and  non-luminous  bodies  becomes  very 
apparent  when  we  consider  that  the  sun  would  appear  only  as  an  intense 
lignt  in  a  dark  background,  if  the  earth  was  not  surrounded  with  the 
various  strata  of  air,  in  which  are  placed  clouds  and  vapours  that  collec- 
tively reflect  and  scatter  the  light,  so  as  to  cause  it  to  be  endurable  to  vision. 
It  is  when  the  sky  is  very  clear  during  July  or  August  that  the  heat 
becomes  so  intense,  directly  clouds  begin  to  form  and  float  about,  the  heat 
is  then  moderated. 

Many  years  ago.  Baron  Alexander  Funk,  visiting  some  silver  mines  in 
Sweden,  observed,  that  in  a  clear  day  it  was  as  dark  as  pitch  under- 
ground in  the  eye  of  tlie  pit  at  sixty  or  seventy  fathoms  deep;  whereas,  on 
a  cloudy  or  rainy  day  he  could  even  see  to  read  at  106  fathoms  deep. 
Inquiring  of  the  miners*  he  was  informed  that  this  is  always  the  case^  and 
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Tpflecting  tipon  it  he  imagined  yery  properly  that  it  arose  from  this 
circamstaace — ^that  when  toe  atmosphere  is  full  of  clouds,  lif  ht  is  re- 
flected from  them  into  the  pit  in  all  directions,  so  that  thereoy  a  con- 
siderable proportion  of  the  rays  are  reflected  perpendicularly  upon  the 
earth;  whereas  when  the  atmosphere  is  clear  there  are  no  opaque  bodies 
to  reflect  the  light  in  this  manner,  at  least,  in  a  sufficient  quantity,  and 
rays  from  the  sun  itself  can  never  fall  perpendicularly  in  Sweden.  The 
use  of  reflecting  surfaces  has  now  become  quite  common  in  all  crowded 
cities,  and  especially  in  London,  where  even  the  rays  of  light  are  too  few 
to  be  lost,  and  flat  or  corrugated  mirrors  are  placed  at  various  angles, 
either  to  throw  the  li^ht  from  the  outside  on  the  white-washed  ceiling 
within,  and  thus  obtain  a  better  diffused  light  through  the  apartment, 
or  it  is  reflected  bodily  to  some  back  room,  or  rather  dark  brick  box, 
where  perhaps  for  half  a  century  candles  have  been  required  at  an 
early  hour  in  the  afternoon.  The  brilliant  cut  in  diamonds  is  such  an 
arrangement  of  the  posterior  facets,  or  cut  faces  of  the  jewel,  that  all 
light  reaching  them  shall  be  thrown  back  and  reflected,  and  thus 
impart  an  extraordinary  brilliancy  to  the  gem. 

The  intense  glare  of  snow  in  the  Alpine  regions  has  long  been  noticed, 
and  the  reflected  light  is  so  powenul,  that  philosophers  were  even 
disposed  to  believe  that  snow  possessed  a  natural  or  inherent  lumi- 
nosity, and  gave  out  its  own  light.  Mr.  Boyle,  however,  disproved 
this  notion  by  placing  a  quantity  of  snow  in  a  room  from  which  all 
foreign  light  was  excmded,  and  neither  he  nor  his  companion  could 
observe  that  any  light  was  emitted,  although,  on  tbe  principle  of 
momentary  phosphorescence,  it  is  quite  possible  to  conceive  that  if  the 
snow  was  suddenly  brought  into  a  darkened  room  after  exposure  to  the 
rays  of  the  sun,  that  it  would  give  out  for  a  few  seconds  a  perceptible 
light.  In  trying  such  an  experiment,  one  person  should  expose  the 
snow  to  the  sun,  and  brins  it  mto  a  perfectly  darkened  room  to  a  second 
person,  whose  eyes  would  be  ready  to  receive  the  faintest  impression  of 
light,  and  if  any  phosphorescence  existed,  it  must  be  apparent. 

The  propertv  of  reflection  is  also  illustrated  on  a  grand  scale  in  the 
illumination  of  our  satellite,  the  moon,  and  the  various  planetaiy  bodies 
which  shine  by  light  reflected  from  the  sun,  and  have  no  inherent  self- 
luminosity.  Aristotle  was  well  aware  that  it  is  the  reflection  of  light 
from  the  atmosphere  which  prevents  total  darkness  after  the  sun  sets, 
and  in  places  where  the  sun's  rays  do  not  actually  fall  during  the  day- 
time. He  was  also  of  opinion  that  rainbows,  halos,  and  mock  suns, 
were  all  occasioned  by  the  reflection  of  the  sunbeams  in  different  cir- 
cumstances, by  which  an  imperfect  image  of  the  sun  was  produced,  the 
colour  only  being  exhibited,  out  not  the  proper  figure. 

The  image,  Anstotle  says,  is  not  single,  as  in  a  mirror,  for  each  drop 
of  rain  is  too  small  to  reflect  a  visible  ima^e,  but  the  conjunction  of  aU 
the  images  is  visible.  Aristotle  ascribed  all  these  effects  to  the  refleetion 
of  light,  and  it  will  be  noticed  when  wc  come  to  the  consideratioD 
of  the  refraction  of  light,  that  of  course  his  views  must  be  seiioudj 
modified. 
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The  reflection  of  light  is  affected  rather  bj  the  condition  of  tb« 
Borface  than  the  whole  body  of  a  substance,  as  a  piece  of  coal  maj 
be  covered  with  gold  or  silver  leaf  and  caused  to  shine,  whilsl  C2ie 
brightest  mirror  is  dimmed  by  the  thinnest  film  of  moisture. 

From  whatever  surface  light  is  reflected,  it  always  takes  place  in 
obedience  to  two  fixed  laws. 

First.  The  incidetU  and  reflected  ray»  ahoajfi  lie  in  ik$  iomepkme. 

Second.  Tie  angle  of  incidence  it  equal  to  the  angle  of  reflection. 

With  a  single  jointed  two-foot  rule,  both  of  these  laws  are  easily 
illustrated.  Tne  rule  may  be  held  in  the  hand,  and  one  end  beii^ 
marked  with  a  piece  of  white  paper  may  be  called  the  incident  lay,  tje^ 
the  ray  that  £alls  upon  the  surface ;  and  the  other  is  the  reflected  ny, 
the  one  cast  off  or  Uirown  back.  A  perpendicular  is  raised  by  holdag 
a  stick  upright  at  the  joint.  (Fig.  289.) 


Fig.  288.  A  D.  A  two  foot  rule ;  the  end  ▲  mar  be  termed  the  faicident  nj,  tnd  the  aid 
s  the  reflected  ray.  s.  The  Btiek  held  perpendicularly.  The  angle  a  b  o  ie  equal  to  the 
angle  n  b  r,  and  the  whole  may  be  moved  in  any  direction  or  plane,  either  homontal  or 
perpendicolor.    o  g.  The  refleicting  rarfkce. 

One  of  the  most  simple  and  pleasing  delusions  produced  by  the  reflec- 
tion of  light,  is  that  afforded  by  cutting  through  the  outline  of  a  vase, 
or  statuette,  or  flower,  drawn  on  cardboard,  and  if  certain  points  are 
left  attached,  so  that  the  design  may  not  fall  out,  all  the  effect  of  solidit}^ 
IS  given  by  bending  back  the  edges  of  the  cardboard,  so  that  the  liglit 
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from  »  ciutdle  pUoed  behind  it,  autj  be  reflected  from  the  bauk  edge  of 
fxw  CMtlboard  on  to  the  design,  which  i»  bent  hack.  The  liofat  reflected 
from  one  soifiice  on  to  the  olQer,  imparts  a  peculiarl j  »ott  and  marble-lilie 
appearance,  and  when  the  design  is  well  drawn  and  out,  and  placed  in 
a  good  position,  the  illusion  is  rerj  perfect,  and  it  appean  hke  a  aolid 
form  instead  of  a  mere  design  cat  oat  of  cardboard.  (Fi?.  330.) 


The  leaf  at  the  side  of  the  above  picture  is  intended  to  mve  an  idea  of 
the  mode  of  cutting  ont  the  designs,  end  in  this  cose  the  leaf  woold  be 
cut  and  bent  back,  and  a  small  attachment  slip  of  cardboard  left  to 
prercnt  it  falling  out. 

The  cardboanl  design  is  alvajs  bent  toward  the  light,  which  is 

E laced  behind  it.  As  a  good  illnstration  of  the  importance  of  reflected 
ght  and  its  connciioa  with  laminoos  bodies,  a  beam  of  li^t  from  the 
DiT-hfdrt^en  lantern  maj  be  aUowed  to  pass  eboTe  the  surface  of  a 
table,  when  it  will  be  noticed  that  the  latter  is  lighted  np  onl;  when  the 
beam  is  reflected  downward  bj  a  sheet  of  while  pa]ier. 

By  reference  to  the  two  laws  of  reflection  alreadj  explained,  it  is  easj 
to  trace  out  on  paper,  with  the  help  of  comnasses  and  rule,  the  effect  of 
plane,  concave,  and  convex  snrfaces  on  parallel,  diverging,  or  converging 
ravs  of  light,  and  it  mav  periiaps  assist  the  memoir  »  it  is  remembered 
that  a  pfaiu  surface  means  one  thai  ia  Bat  on  both  sides,  snch  as  a 
looking-glass :  a  eowcx  surface  ia  represented  b;  the  outside  oi  a  watch- 
glasi ;  a  eoncata  surface,  bj  the  inside  of  a  watch-j;lass ;  parallel  ra^g 
are  like  the  straight  lines  in  a  copjt-book;  diverging  and  convcr^Dg 


314 


BOT*S  FLAYBOOK  OF  SCmfCE. 


rays,  are  like  the  sticks  of  a  fan  spread  oat  as  the  sticks  separate  or 
diverge ;  the  sticks  of  the  fan  come  together,  or  converge  at  the  handk. 
The  reflection  of  rays  from  a  plane  surface  may  be  better  uadentood 
by  reference  to  the  annexed  diagram.  (Fig.  291.) 


.p-B 


Fig.m.  AifAK.  Two  diTcrging  rays  incident  on  the  plane  nixIkoe^D.  AnieperpeD- 
dlealar,  aad  is  reflected  bock  In  the  same  direction,  a  i  ia  dirergent^  and  ia  thrown  off  it 
X  L.  The  inddent  and  reflected  ran  (brming  equal  anriea,  as  proTM  bj  the  perpendicQlar,  ■. 
Any  image  reflected  in  a  plane  mirror  ^ipeais  as  &r  oetiind  it  aa  the  ol^ect  ia  befare  iL  and 
the  dotted  lines  meeting  at  o  show  the  apparent  position  of  the  reflected  image  boiind 
the  glass,  as  seen  at  e.  The  same  fiu;t  Is  also  shown  in  the  second  diagram,  whece  the 
reflected  pictore.  z  x,  appears  at  the  same  distance  behind  the  sorihoe  of  the  mhror  as  the 
ol^eot,  A  B,  is  before  it. 

By  the  proper  arrangement  of  plane  mirrors,  a  number  of  ftmnMng 
delusions  may  be  produced,  one  of  which  is  sometimes  to  be  met  with 
in  the  streets,  and  is  called  "the  art  of  looking  through  a  four-inch  deal 
board."  The  spectator  is  first  requested  to  look  into  a  tube,  through 
which  he  sees  whatever  may  be  passing  the  instrument  at  the  time; 
the  operator  then  places  a  deal  board  across  the  middle  of  the 
tube,  which  is  cut  away  for  that  purpose,  and  to  the  astonishment  of 
the  juveniles  the  view  is  not  impaired^  and  the  spectator  still  hacam 
he  is  looking  through  a  straight  tube ;  this  however  is  not  the  case,  as 
the  deception  is  entirely  carried  out  by  reflection,  and  is  explained  in 
the  next  cut.   (Eig.  292.) 

Daring  the  sie^  of  Sebastopol  numbers  of  our  best  artillerymen 
were  continuallv  picked  off  by  tne  enemy's  rifles,  as  well  as  by  cannon 
shot,  and  in  order  to  put  a  stop  to  the  foolhardiness  and  incautiousness 
of  the  men,  a  very  ingenious  contrivance  was  invented  by  the  Rev.  Wm. 
Taylor,  the  coadjutor  of  Mr.  Denison  in  constructing  the  first  "Big  , 
Ben"  bell.  It  was  called  the  refiecting  sp^r-glass,  and  by  its  simple  con- 
struction rendered  the  exposure  of  the  sailors  and  soldiers,  who  would 
look  over  the  parapet  or  other  parts  of  the  works  to  observe  the  effect 
of  their  shot,  perfectly  unnecessaiy ;  whilst  another  form  was  constructed 
for  the  purpose  of  allowing  the  gimner  to  "  lay''  or  aim  his  gun  in 
safety.  The  instruments  were  shown  to  Lord  ranmure,  who  was  so 
convinced  of  the  importance  of  the  invention,  that  he  immediately 


wblcta  th«  tpectMor  9nt  looki.  a.  Tbt 
tear  pUcca  of  looklDMlm.  to  placed  Out 
m  rrflKted  round  to  the  other  when  tb« 


conuniBsioned  theKer.  Wm.  Tsjlor  to  havea  number  of  these  telescopes 
coiutnict«d ;  and  if  the  si^e  had  not  tenninated  jiut  at  the  time  the 
invention  was  to  hare  been  used,  no  doubt  a  great  saving  of  the 
Taluable  lives  of  the  skilled  artilletrmen  would  hare  been  effected  in 
the  allied  annies.  The  principle  ef  the  reflcctiug  spj-glasa  ma;  be 
comprehended  bj  reference  to  the  aeit  cut.  (Fig.  S93.) 


I.  Aficnn  aromiT't  lNittaTlini|ip(wrdtobf 
ii  leflectcd  to  ■,  md  from  thU  to  tho  utUli 


Bj  plaeing  two  mirrors  at  an  angle  of  iS",  the  reflected  image  of  a 
lenon  gating  into  one  is  thrown  into  the  other,  and  of  eooise  the  effect 
!s  somewhat  startling  when  a  death's  heed  and  cross  bones,  oi  other 
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eheerful  subject,  is  introduced  opposite  one  minor,  whilst  some  person 
who  b  unacquainted  with  the  delusion  is  looking  into  the  other.  Two 
adjoining  rooms  might  have  their  looking-glasses  arranged  in  that 
manner,  provided  there  is  a  passage  running  behind  them.  (Fig.  294.) 


!& 
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Figr.  294.  A.  A  mirror  at  an  angle  of  46  d^reea.  The  arrowi  ahow  the  directioD  of  the 
rtBocted  image,  b.  Tlie  second  mirror,  also  at  an  angle  of  46  degrees;  the  bee  of  the 
penon  looking  in  at  a  is  reflected  at  b.    o  is  the  partition  between  the  romna. 

One  of  the  most  startling  effects  that  can  be  displayed  to  persons 
ignorant  of  the  common  laws  of  the  reflection  of  light,  is  called  the 
"  magic  mirror,"  and  is  described  by  Sir  Walter  Scott  in  his  graphic 
story  of  that  name.  The  apparatus  for  tne  purpose  must  &  wdl 
planned  and  fixed  in  a  proper  room  for  that  purpose,  and  if  carefully 
conducted,  may  surprise  even  the  learned.  A  long  and  somewhat 
narrow  room  should  be  hung  with  black  cloth,  and  at  one  end  mar  be 
placed  a  large  mirror,  so  arranged  that  it  will  turn  on  hinges  like  a  aoor. 
The  magician's  circle  may  be  placed  at  the  other  end  of  the  chamber  in 
which  the  spectators  must  be  rigidly  confined,  and  there  is  very  little  doubt 
that  the  arrangement  about  to  be  described  was  formerly  used  by  clever 
astrologers  who  pretended  to  look  into  the  future,  and  to  hold  commu- 
nication with  the  supernatural  powers.  The  credulity  of  the  persons 
who  consulted  these  "  wise  men,"  is  not  surprising  when  we  consider 
the  ignorance  of  the  public  generalljr  of  common  physical  laws,  and  of 
the  wonders  that  may  be  worked  without  the  assistance  of  the  "  evil 
one ;"  moreover,  the  mitiated  took  great  care  to  conceal  the  macliineij 
of  their  mysteries,  never  imparting  the  illusive  tricks  even  to  their 
most  faithful  dependents  except  under  solemn  oaths  of  secresv,  because 
thej  derived  in  many  cases  considerable  profit  by  their  pretenaed  conju- 
rations and  juggling  tricks,  and  therefore  were  interested  in  keeping  the 
outer  world  in  ignorance.  The  wizards  were  always  careful  to  impress 
those  who  came  to  consult  them  with  the  awful  nature  of  the  incanta- 
tions they  were  about  to  perform,  and  with  such  a  powerful  auxiliary  as 
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fear,  and  a  well-darkened  room,  they  diverted  the  thot^hts  of  the  moi« 
curious,  and  prevented  them  watching  the  proceedings  too  closely. 
Theatrical  efifects  were  not  disdained,  such  as  suppressed  and  dismal 
^oans,  sham  thunder,  and  the  wizard  usually  neightened  Iiis  own 
inspiring  personal  appearance  by  wearing  of  course  a  long  beard  and 
flowing  rooe  trimmed  with  hieroglyphics,  and  with  the  assistance  of  a 
ponderous  volume  full  of  cabalistic  signs,  a  few  skulls  and  cross  bones, 
an  hour-dass,  a  pair  of  drawn  swords,  a  black  cat,  a  charcoal  fire,  and 
sundry  drugs  to  throw  into  it,  a  very  tolerable  collection  of  imps, 
familiars,  and  demons,  might  be  expected  to  attend  without  the  modem 
practice  of  spirit-rapping.  As  before  stated,  the  delusion  must  be  care- 
fully conducted,  ana  a  confederate  is  necessary  in  order  to  use  the 
phantasmagoria,  or  magic  lantern.  The  slidesof  course  were  painted  to 
suit  the  fortune  to  be  unfolded — ^an  easy  road  to  riches  for  toe  gentle- 
men, a  tale  of  love,  ending  in  matrimony,  for  the  ladies. 

The  spectators  being  placed  in  the  magic  circle,  are  directed  to  look 
into  the  mirror ;  they  mav  even  be  ordered  singlv  to  fetch  a  skull  oft 
the  mantel-shelf  beside  the  mirror,  and  whilst  doing  so  to  look  full 
into  the  mirror,  and  then  return  to  the  circle.  Absolute  silence  is 
enjoined,  and  soft  music  is  now  heard ;  the  darkened  room  is  lit  up  for 
the  moment  by  a  little  yellow  or  green  fire  thrown  on  to  the  charcoal 
fire,  and  now  looking  into  the  mirror,  it  no  longer  reflects  surrounding 
objects,  but  a  picture,  at  first  small  and  faint,  and  then  gradually 
beoominc^  large  and  clearer,  is  apparent.  The  picture  is  made  visible  by 
the  confederate  gently  drawing  the  mirror  trom  its  position  parallel 
with  the  frame  to  an  angle  of  45  degrees,  and  then  throwing  on  from 
the  side  a  picture  from  a  magic-lantern.  The  picture  is  small  and  in- 
distinct whdst  the  confederate  holds  it  near  the  mirror  and  out  of  focus, 
but  as  he  moves  backwards  and  focuses  the  lenses,  the  picture  gradually 
increases  in  size,  and  the  reflecting  angles  having  been  well  planned 
beforehand,  only  those  in  the  circle  will  be  able  to  see  the  picture,  and 
great  fun  may  be  elicited  from  the  magic  mirror  by  pretending  to  tell 
the  future  fate  of  a  very  slim  person,  and  introducing  him  by  a  suc- 
cession of  pictures  which  gradually  assume  a  John  Bull  rotundity  of 
figure,  surrounded  by  dozens  of  children ;  whilst  to  young  ladies  who  are 
engaged,  a  provoking  picture  of  an  old  maid  may  be  introduced ;  indeed, 
there  is  no  end  to  tne  innocent  fun  that  may  be  extracted  from  the 
magic  mirror,  and  the  whole  plan  of  the  delusion  may  be  better  understood 
by  reference  to  the  next  picture.    (Fig.  S95.) 

Monsieur  Salverte  very  properly  remarks  that  "man  is  credulous 
from  his  cradle  to  his  tomb;  but  the  disposition  springs  from  an 
honourable  principle,  the  consequences  of  which  precipitate  him  into 

many  errors  and  misfortunes The  novelty  of  objects,  and  the 

difficulty  of  referring  them  to  known  objects,  wiU  not  shock  the 
credulity  of  unsophisticated  men.  They  are  some  additional  sensations 
which  he  receives  without  discussion,  and  their  singularity  is  perhaps  a 
cliarra  which  causes  him  to  receive  them  with  greater  pleasure.  Man 
almost  aticays  loves  and  seeks  the  marvellous.    Is  this  taste  natural  ? 
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Does  it  spring  from  the  education  wliich  daring  many  ages  the  humao 
race  has  received  from  its  first  instmctors  ?  A  Tast  and  novel  qnestiony 
bat  with  which  I  have  nothing  to  do.  It  is  sufficient  to  obsore  that 
as  the  ioTcr  of  the  wonderfaTalways  prefers  the  most  surprising  to  the 
most  natural  account,  this  last  has  been  too  frequently  ne^ecteo,  and  is 
irrevocably  lost.  Occasionallv,  however  ^and  we  sliall  cite  more  than 
one  instance),  simple  truth  has  escaped  from  the  power  of  oblivion. 
Credulous  man  may  be  deceived  once,  or  more  frequently ;  but  his 
credulity  is  not  a  sufficient  instrument  to  govern  his  whole  existence. 
The  wonderful  excites  only  a  transient  admiration.  In  1798,  the 
French   tavam  remarked  with  surprise  how  little  the  spectacle  of 

balloons  affected  Uie  indolent  Egyptian But  man  is  led  by  his 

passions,  and  particularly  by  hope  vnA/ear" 

When  parallel  ra^s  fall  upon  a  convex  mirror,  they  are  scattered  and 
dispersed  in  all  directions,  and  the  imase  of  an  object  reflected  in  a 
convex  mirror  appears  to  be  very  small,  being  reduced  in  size  because 
the  reflected  picture  i  x  b  nearer  the  surface  of  thft  mirror  than  the 
object  A  B.  No.  1.  (Fig.  296.) 

No.  2. 


Fig.  396.  A  s,  s  V.  (No.  2)  represent  two  paraUel  wn  incident  on  the  eonrex  inrftce 
B  B.  the  one  (a.  b)  perpendicularly,  the  other  (n  k)  obilqnely.  o  ie  the  centre  of  eon- 
Tttity.  K  B  if  the  reflected  ray  of  the  oblique  inddent  one,  d  H|  whilst  o  k  i  is  th« 
perpendicular. 

Convex  mirrors  are  not  employed  in  any  optical  deception  on  a  large 
scale,  although  some  inffeniona  delusions  are  producible  from  cylindrical 
and  conical  mirrors,  ana  are  thus  described  by  Sir  David  Brewster : 

"  Among  the  ingenious  and  beautiful  deceptions  of  the  seventeenth 
eentuiy,  we  must  enumerate  that  of  the  re-formation  of  distorted 
pictures  by  reflection  from  cylindrical  and  coni(»l  mirrors.  In  these 
repreoeiitatioDSy  the  original  image  from  which  a  perfect  piotnre  is  pro* 
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dnced,  ia  often  to  completeljr  dutortcd,  that  the  eye  camot  tnux  n  it 
the  reKembUnce  to  an^  regular  figore,  ftnd  the  greatest  degree  of 
wonder  is  of  course  cicited,  whether  the  original  image  is  conc^led  oi 
exposed  to  view.  These  distorted  pictures  maj  be  drawii  h;  strict 
geometrical  rules,  and  I  have  shown  a  simple  method  of  exeeutine 
them.    Let  M  be  an  accurate  cylinder  made  of  tin-plate  or  of  lliicE 


pasteboard.  Out  of  tbe  further  side  of  it  cut  a  small  aperture,  abed,  and 
out  of  the  nearer  side  cut  alarger  one,  abcs  (wliite  letten),  the  size  of 
the  piotnre  to  be  distorted ;  haviDg  perforated  the  outline  of  the  picture 
with  sm^  holes,  ulace  it  in  the  opemuff  a  b  c  d  (white  letters),  so  uiat  its 
surface  maj  be  cjliodrical ;  let  a  candle  or  a  bright  luminous  object — the 
smaller  the  better— be  placed  at  8,  as  far  behind  the  picture  a  b  c  d  (white 
Icttersjaatheejeisofterwardi  to  he  placed  before  it,  and  the  light  passing 
througa  tbe  small  holes  will  represent  on  a  horizontal  plane  a  distorted 
image  of  the  picture  at  abcs,  which,  when  sketched  in  outline  with  a 
pencil,  shaded,  and  coloured,  will  be  readj  for  use.  If  we  now  substitute 
a  polished  cylbdrical  mirror  of  the  same  size  in  place  of  m,  then  the 
distorted  picture,  when  lajd  horizontallj  at  a  b  c  n,  will  be  restored  to 
its  original  state  when  seen  by  reflection  at  abcd  (white  letters}  ia 
the  polished  mirror."  The  effect  of  a  cjlindrical  mirror  on  a  distorted  pic- 
tnre  ia  shown  at  No.  3,  being  copied  from  acv  old  one  seen  bj  Sir  D. 
Brewster. 

B;  looking  at  a  rcScclion  of  the  face  in  a  dish-coTcr  or  the  conunon 
snrFace  of  a  bright  silver  spoon  or  of  a  silver  mug,  the  latter  tmlj 
ijccomca  nglj  as  the  image  is  seen  reflected  from  its  surface  and 
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uanmes  the  most  absurd  form  as  iLe  mouth  U  opeoed  or  shut,  &i 
the  face  odruiced  or  removed  from  tlie  silver  vessel.     (Fig,  SOS.) 


Pi(.>9e.    Dlitart 


In  the  writings  of  tlie  am;icnts  there  are  to  be  found  certftin  iiidica- 
liona  of  the  results  of  illusioiis  produced  bj  simple  optical  arrange- 
ments, and  ihe  sudden  and  momentarj  anparition  (from  the  gloom  of 
perfect  darkness)  of  splendid  palaces,  aelightful  gardena,  &c.,  with 
which — the  concurrent  voice  of  anliouitj  assures  ua — the  eves  of  the 
beholders  were  frequently  dawled  in  the  mysteries,  sue))  as  the  evocation 
and  actual  appearance  of  departed  spirits,  the  occasional  imi^es  of  their 
Kmira,  and  of  (lie  gods  themselves.  From  a  passage  in  "Pausanias," 
fB(Eolic  iii.)p  when,  speaking  of  Orpheus,  he  sajs  there  was  ancientjj 
at  Aomos,  a  place  where  the  dead  were  evoked,  rttvoiiamiav,  we  learn 
thAt  in  those  remote  ages  there  were  placea  set  apart  for  the  evocatior 
of  the  dead.  Homer  relates,  in  the  elcvcuthbookof  the  "Odjsse;,"  the 
admission  of  Uljsses  alone  into  a  pbee  of  this  kind,  when  his  interview 
with  his  departed  friend  was  interrupted  bj  some  fearful  voice,  and  the 
hero,  ^prenending  the  wrath  of  Proserpine,  withdrew ;  the  priests  who 
monagea  these  deceptive  exhibitions  no  doubt  adopted  tlils  method  of 
getting  rid  of  their  visitor,  »)io  miglit  become  too  inquisitive,  and  dis- 
cover Uie  secret  of  the  mysteries. 

Of  all  the  reflecting  surfaces  mentioned,  none  producemore  interesting 
deceptions  than  the  concave  mirror,  and  there  is  verj  little  doubt  that 
silvet  mirrors  of  this  form  were  known  to  the  ancients,  and  employeU  in 
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tome  of  tbeii  sured  mysteries.  Mons.  Salrerte  has  indusUiouslj  col 
lected  in  bis  Talaabls  work  the  most  iuteresting  proofs  of  tbeir  use,  tud 
quotes  the  following  passa^  of  "Damascius,  in  which  the  itsulti 
obtMnable  from  s  concave  mirror  arc  clearlj  apparent.     fFjg.  29D.) 


He  iajs: — "In  a  manifestation  which  ought  not  to  be  rercaled 

there  appeared  on  the  wall  of  the  temple  a  moss  of  light  irhicli 

at  first  seemed  very  recLote ;  it  traosformed  itself  in  coming  nearer  into 
a  face  evidenll;  divine  and  superiiatura],  of  a  severe  aspect,  but  mixed 
with  gentleness,  and  eitrcmelj  beautiful.  AccotiUng  to  the  inatitatjon 
of  a  mvsterions  religion,  the  Alexandrians  honoured  it  as  Osiris  and 
Adonis. 

Pmllel  rajs  throvm  upon  a  concave  surface  are  brongbt  to  a  focus 
or  converge,  and  when  an  object  is  seen  b;  reflectiou  from  a  concave 
■urfacc,  the  representation  of  it  ia  various,  both  with  regard  to  its  mag- 
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oitnde  and  situation,  according  as  the  distance  of  the  object  from  the 
reflecting  surface  is  greater  or  less.  (Fig.  300.)  When  the  object  is 
placed  between  the/ocui  of  parallel  rays 
and  the  centre,  the  image  xalls  on  the 
oppotiU  side  of  the  centre,  and  is  larger 
than  the  object,  and  in  an  inverted  po- 
sition. The  rays  which  proceed  from 
anj  remote  terrestrial  object  are  nearly 
paraUel  at  the  concave  minx^ — not 
strictly  so,  but  come  diverging  to  it  in 
separate  pencils,  or,  as  it  were,  bundles 


No.1. 


No.  2. 


F!g.  300.  No.  1.  ▲  B,  D  K  rejpreient  two  paralld  niyi  Incident  on  the  concaTO  sur- 
Ihce  B  B,  whoM  centre  of  conctrity  ia  c.  b  v  and  h  f  are  the  reflected  rajs  meeting  each 
other  in  v,  and  ▲  b  being  perpendicular  to  the  conca?*  soifto^  is  reflected  in  a  straight  line. 
No.  2.    A  B.  The  ol^ect.    x  x.  The  image. 

of  rays,  from  each  point  of  the  side  of  the  object  next  the  mirror;' 
therefore  thev  will  not  be  converged  to  a  point  at  the  distance  of  half 
the  radius  of  the  mirror's  concavity  from  its  reflecting  surface,  but  in 
separate  points  at  a  little  greater  distance  from  Die  concave  mirror. 
The  nearer  the  object  is  to  the  mirror,  the  further  these  points  will  be 
from  it,  and  an  inverted  image  of  the  object  will  be  formed  in  them, 
which  will  seem  to  hang  pendant  in  the  air,  and  will  be  seen  by  an  eye 
placed  beyond  it  (with  regard  to  the  mirror),  in  all  resoects  like  the 
object,  and  as  distinct  as  the  object  itself.    No.  2.  (Fig.  300.) 


Fig.  301.  A  B  represents  the  oldecti  s  v  the  reflecting 
snrlace,  v  its  Ibcos  of  parallel  rajs,  and  o  its  centre. 
Through  k  and  b,  the  extremities  of  the  object,  draw 
the  lines  o  b  and  o  b,  which  are  perpendicmar  to  the 
snr&ce,  and  let  ▲  b,  ▲  o,  be  a  penal  of  rare  flowing 
fVom  A.  These  rars  proceeding  flrom  a  point  beyond 
the  focos  of  parallel  rajs,  wiU,  after  reflection,  coDi 
verse  towards  some  point  on  the  opposite  side  of  the 
oenore,  which  will  ftU  npon  the  perporaiealar,  b  c,  pro* 
dttced,  but  at  a  greater  distance  mnn  o  than  the  radiant 
A  flrom  which  thej  diyerged.  For  the  same  reason, 
rajs  flowing  flrom  b  will  cooTerge  to  a  point  in  the 
perpendicular  v  o  produced,  which  shall  be  flirther  ftmn 
0  than  the  radiant  b,  from  whence  it  is  evident  that  the 
image  i  x  f  s  larger  than  the  oliiiect  a  b,  that  it  fldls  on 
the  cmOran  side  of  the  centre,  and  that  their  position! 
are  invertoa  with  respect  to  each  other. 


y2 
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It  appein,  from  »  circomstuice  in  the  life  of  Socrates,  (hat  tlie 
effects  of  buroing-glitases  were  knovo  to  the  ancients ;  aod  it  it  pro- 
bable that  the  Bomua   em- 
plojed  tbe  concaTe   speculum 
for  the  pQrpoae  of  lif^ting  tke 
"ucred  fire."     This  b  toj 
likelj  to  be  trae,  consideiw 
that  the  priests  who  conducted 
.  the  heatben  worship  of  Osiris 
and  Adonis  were   aoquainted 
with  the  use  of  concave  metallic 
specula,  as  alread;  described  at 
page  SS3.    The  effects  that  can 
be  produced  with  tbe  aid  of  con- 
cave mirrors  are  very  imprts- 
sive,    becaase    the;    are    not 
merely  confined  to  tbe  refla:- 
,    tion  of  inanimate  objects,  but 
life   and    motion   can  be  well 
.   dispUjed  bj  them  ;   thus,  if  a 
man  place  himself  directlj  be- 
fore a  concave  miiror,  bnt  fur- 
ther from  it  than  its  centre  of 
nein  mlmr,  ibDwiiig  tha  ip-  concavilT,   he  will  see  an  in- 

""**■  "^  "^"^  '"«•  •"  verted  image  of  himself  in  the 

air  between  him  and  the  mirtor 
of  a  less  size  than  himaelf;  and  if  he  hold  nut  bis  hand  towards  the 
mirror  Uie  hand  of  the  image  will  come  out  towards  bis  hand  ami 
coincide  with  it,  being  of  an  e^ual  bulk  when  bis  hand  is  in  the  centre 
of  concavitj,  and  he  vill  imagine  he  may  shake  hands  with  hia  image. 
(Kg.  303.) 

Bjusinsalarge  coacavemirrar  of  abont  three  feet  in  diameter,!^  author 
was  enabled  to  show  all  the  results  to  a  large  audience  that  were  nsn- 
dlj  visible  to  one  person  only.  Whilst  eiperimentinc  with  a  concave 
mirror,  b;  holding  out  the  hand  in  the  manner  descnbed,  a  bystander 
will  see  nothing  of  the  image,  because  none  of  the  reflected  rays  that 
form  it  enter  hu  eyes.  This  circumstance  is  well  illustrated  br  placm^ 
a  concave  mirror  apposite  the  fire,  and  allowing  the  image  of  the  flames 
projected  from  it  to  fall  upon  a  well-polished  niakogauy  table.  If  the 
ooor  of  the  room  opens  towards  the  mirror,  aud  a  spectator  unacquainted 
with  the  properties  of  concave  mirrors  shonld  enter  the  apartment,  the 
person  woula  be  greatly  startled  to  see  flames  apparently  playing  over 
the  goirace  of  the  table,  whilst  another  spectator  might  enter  tnn 
another  door  and  see  nothing  but  a  long  beam  of  light,  rendered  visible 
by  the  floating  particles  of  dust.  To  give  proper  effect  to  this  experi- 
ment the  concave  mirror  should  be  laree,  and  no  other  light  most 
illumint^  tbe  room  eiceiit  that  from  the  Ire. 
On  the  same  poUsbea  table  the  appearance  of  a  planet  with  a  re- 
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(ohing  Htellite  ma;  be  preltilj  shown  b^  dftrkeaiiir  the  fin  with  a 
screen,  uid  placing  a  lighted  candle  befoTB  it,  which  will  be  refiected  bj 
ihe  concave  mirror,  and  appear  on  the  table  as  a  brilliant  star  of  ligh^ 
and  the  satellite  maj  be  represented  by  the  flame  ot  a  small  wai  taper 
moved  around  the  large  bumins  candle.  The  following  is  the  arrange- 
ment osed  bj  the  author  at  the  Poljtechnio  Institution  for  the  purpose 
of  exhibiting  the  properties  ot  the  concave  mirror.  A  lantern  endosinR 
a  vecT  brilliant  light,  such  as  the  electric  or  lime  light,  is  required  for 
the  illumination  of  the  objects  which  are  to  be  projected  on  to  the 
The  lautem  and  electric  lamp  of  Duboscq  was  preferred, 
'   -   -"  -'  ^-   -^-  -rit^ap-  ■ 


although,  of  course,  an;  bright  liffht  eudbsed  h  ^ 

convex  lens  to  project  the  beam  of  light  when  required,  will  ai 
pupose.  (Pig.  3030 


Fig.  303.  1 1.  Portibit  •mm  oriigbl 
Sookra  uiertiin  iut  aibttn  the  thdf,  ~  - 
»K8r-li  pUwa.    -  "-■■-—'—- 

Bj  removing  the  diaphragm  required  to  project  the  picture  of  the 
charcoal  points  on  to  the  screen,  a  very  intense  beam  of  light  b  ob- 
tained, wnieh  may  be  focussed  or  concentrated  on  an;  opaqne  object 
bj  another  double  convex  lens,  conveniently  mounted  with  a  telescope 
stand,  so  that  it  mav  be  raised  or  lowered  at  pleasure.  This  lens  is 
independent  of  the  lantern,  and  maj  be  used  or  not  at  the  pleasure  of 
the  operator. 

The  object  is  now  placed  on  a  sbelf  flxed  to  the  screen,  with  a 
square  aperture  just  ahove  it.     The  object  of  the  screen  is  to  ont  off  all 


extraneous  rajs  of  ligbt  reflected  from  the  u 

IS  of  the  outhne  of  the  picture  of  the  obieci 
object  being  arranged,  and  the  light  tJirown  on  Iron  the  lantern,  tha 


next  step  la  to  adjust  the  concave  mirror,  and  b;  moving  it  towards  tha 


boy's  flatbook  or  scibncb. 


object,  or  backwards,  as  the  case  lequirrs,  n  good  imi^,  solid  and  quf  i- 
stereosoopic,  is  projected  on  to  tbe  screen.    (Fig.  304.) 


The  act  of  Oiling  the  bottle  with  v&ter,  or  better  stiil  with  mercnrj, 
is  one  of  the  most  singular  effects  tbst  can  be  shown ;  and  if  all  the 
apparatus  is  enclosed  in  a  box,  so  that  the  pictare  on  the  screen  onlj  is 
apparent,  the  illusion  of  a  bottle  beiis  filled  in  an  ioTected  position  is 

iuite  magical,  and  iovariabl;  provoke,^  the  inquiry,  how  can  it  be  dons? 
ie  studj  of  numismntics,  the  science  of  coins  and  medals,  is  geaerallj 
coDsidered  to  be  limited  to  the  taste  ot  a  vcrj  few  persons,  and  anj  de- 
scription of  a  collection  of  coius  at  a  lectiuv  would  M  voted  a  great  bore, 
nnless  the  members  of  the  audience  happened  to  be  aotiqaaries;  great 
light,  however,  maj  be  thrown  on  history  bj  a  studj  of  these  intereatine 
remaios  of  bj^ae  times,  and  a  lecture  on  this  subject,  illustrated  witn 
pictures  of  coins  thrown  on  to  the  disc  bj  a  concave  mirror  in  At 
manner  described,  might  be  made  Tcr^  pleasing  and  instructive.* 

Coins,  or  plaster  casts  of  coins  gill,  floirers,  birds,  white  mice,  Ihe 
human  face  and  bands,  ma;  ail,  when  fullf  illunibated,  be  reflected  bj 
the  concave  mirror  on  to  the  disc.  A.  Daguerreotype  picture  at  a 
cerlain  angle  appeara,  when  reflected  bj  the  concave  mirror,  to  be  like 
anv  ordinary  collodion  oegatire,  and  all  the  lif^lits  and  shadows  are 
reversed,  so  that  the  face  of  the  portrait  apears  black,  whilst  the  block 
coat  is  white.  Oo  placing  tbe  Daguerreotype  in  another  position,  easilr 
found  hj  eipcriment,  it  ia  now  reflected  in  the  ordinary  manner,  showing 
an  enlarged  aud  perfect  portrait  on  the  disc.  In  usinj^  the  Dogaenm- 
tjpe  the  glass  in  front  of  it  must  be  removed.  Tbe  pictures  from  the 
concave  mirror  may  be  %lag  projected  on  thick  smoke  procured  from 

*  Tbae  iSmIi  tan  b«  maia  tuQT  prodnnd  t>7  theniaof  tbe  opiqnc  [onlcm.  berofliT 
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■mouldermg  dimped  browu  paper,  or  tmm  a  miitnre  or  pitch  and  a  LtUe 
chlorate  of  potwh  laid  on  paper,  aod  allowed  to  burn  slowly  bj  Tctting 
it  with  water. 

An  image  reflected  from  amoke  would  be  yisibla  to  a  [ittmber  of 
spectators,  just  as  tlie  light  from  the  furnace  fires  of  the  loooinolive  ia 
frequently  visible  at  night,  being  reflected  on  the  eacapiug  column  of 

It  was  probably  with  the  help  of  some  kind  of  smoke  and  the  concave 
speculum  that  the  dcccpttan  practised  on  Uie  worshippers  nt  the  temple 
of  Hercules  at  Tyre  was  earned  out,  as  it  is  mentioned  by  Pliny  that  » 
consecrated  stone  existed  there  "  from  which  the  g"^^  easily-  rose." 
At  the  temple  of  Esculapius  at  Tarsus,  and  that  of  Enguinum  in  Sicily, 
the  same  kind  of  opticol  delusions  were  exhibited  as  a  portion  of  the 
religious  ceremonies,  from  which  no  doubt  the  priests  obtained  a  very 
hai^some  revenue,  much  more  than  could  be  obtained  in  modern  limes 
by  the  mere  exhibition  of  such  wonders  at  Adelaide  Galleries,  Poly- 
technics, or  Panopticons. 

The  smoke  from  brown  paper  is  Terj  useful  in  showing  tlie  various 
directions  of  the  rays  of  light  when  reflected  from  phtoe,  coute:^,  and 
concave  surfaces.  The  equal  angles  of  the  incideut  and  reflected. rays 
may  be  perfectly  shown  by  using  the  neit  arrangement  of  apparatus. 
(Fig.  305.) 


A  very  dense  white  smoke  is  obtwned  by  boiUng  in  separate  flasks 
(the  necks  of  which  are  brought  close  together)  solutiona  of  ammonia 
and  hydrochloric  acid. 

The  opposite  properties  of  convex  and  concave  mirrors — the  former 
Katterii^  and  the  latter  collecting  the  rays  of  light  which  fall  upon 
them — ate  also  eSectively  demonstrated  by  the  bclp  of  the  same  illiuni- 


82S  dot's  pUlYboos.  of  bcixmob.    ' 

natins  sooice  and  proper  mimns,  the  smoke  traciiig  out  petfectlj  the 
J! R cti „fn:„k»    nf;~  ■i(ui  \ 


natin^  sooice  and  proper  duttois,  the 
diiection  of  the  rajs  of  light.  (Fig.  306- 


FlK.aOt.    Tbe«n>okgih(mtti*nnoriJ|rt>llUliDEOnici 
iimmandliRgsit. 

The  smolu   developea  the    cone  of  rays  rcSected  from   a  coDcaTS 
mirror  in  the  moat  iMsntiful  rouuier,   and  hj  prodncinR  plentj  of 
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•moke.  Bud  tummg  the  mirror  about— the  position  ot  tho  focus  Ifomu,  a 
lire-plwe),  is  indicated  by  a  brilliant  spot  of  Ugbt.  and  tlie  reason  tlio 
images  of  objeoU  reflected  by  the  concave  mirror  are  rcTcnsed,  may  be 
better  understood  by  obaen'ing  how  the  rays  cross  each  other  at  that 
point.  (Fig.307.)  ,        ^    ,.        ,,.,,- 

One  of  the  most  perfect  applications  of  the  refleelion  ot  light  is 
shown  in  the  "Gregorian  reflecting  telescope,"  or  iu  that  niapufioeiit 
instrument  construclcd  by  Lord  Rosse,  at  Paraonalown,  in  Ireland, 
(Fip.  303 ) 


Fig.SOS.   L«d  Bout'i  glgutio  UltiMpa. 

The  description  of  nearly  nil  elaborate  optical  inatruincnts  is  some- 
what tedious,  but  we  venture  to  aive  one  diagram,  witli  the  ciplanu- 
tion  oF  the  Gregorian  reflecting  telescope.    (Fig,  SOU.) 

At  the  bottom  ot  the  great  tube  i  t  i  t.  (Fig.  309),  b  placed  the 
large  concave  mirror  D  u  v  r,  vliose  priiiciiMd  focus  Is  at  II;  and  in  its 
middle  is  a  round  hole  p,  opposite  to  whicii  is  placed  the  small  aiirror 
I4  concave  towards  the  greater  one,  and  so  liied  to  a  strong  wire  »,  lliat 
it  may  be  moved  farther  from  tlie  great  mirror  or  nearer  \o  it,  bt  means 
of  a  loni;  screw  on  the  outside  of  the  tu'ic,  keeping  its  axis  slitl  in  the 
same  line  f  m  n  with  that  of  tlio  great  one.  Now  since  in  viewing  a 
veiT  remote  object  we  can  scarcely  sec  a  point  of  it  but  what  is  at  least 
as  broad  as  the  great  mirror,  we  may  consider  tlic  ravs  of  each  pencil, 
which  flow  from  erciy  point  of  the  onject,  to  be  parallel  to  each  other. 
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and  to  coyer  the  whole  reflecting  surface  D  u  T  f.  But  to  avoid  confosios 
in  the  figure,  ve  shall  only  draw  two  rays  of  a  pencil  flowing  from  each 


Fig.  909.    The  Gregorian  reflectiiig  telescope. 

extremity  of  the  object  into  the  sreat  tube,  and  trace  their  progiess^ 
tlirough  all  their  reflections  and  refractions  to  the  eye  f,  at  the  end  of 
the  small  tube  1 1,  which  is  joined  to  the  great  one. 

Let  us  then  suppose  the  object  a  b  to  be  at  such  a  distance,  that  the 
rays  £  flow  from  its  lower  extremity  b,  and  the  rays  c  from  its  upper 
extremity  a.  Then  the  rays  c  falling  parallel  upon  the  great  mirror  at 
D,  will  be  thence  reflected  by  converging  in  the  direction  d  o;  and  by 
crossing  at  i  in  the  principal  focus  of  the  mirror,  they  will  form  the 
upper  extremity  i  of  the  inverted  image  i  K,  similar  to  the  lower  extre- 
mity B  of  the  object  k  b  ;  and  passing  on  the  concave  mirror  l  (whose 
focus  is  at  n)  they  will  fall  upon  it  at  ^  and  be  thence  reflected,  con- 
verging in  the  direction  N,  because  g  m  is  longer  than  g  n ;  and  passing 
through  the  hole  F  in  the  large  mirror,  they  would  meet  somewhat 
id)out  r,  and  form  the  lower  extremity  d  of  the  erect  image  a  d,  similar 
to  the  lower  extremity  b  of  the  object  a  b.  But  by  passing  throueh 
the  plano-convex  glass  b  in  their  way  they  form  that  extrenuty  of  the 
image  at  b.  In  lixe  manner  the  ravs  £  which  come  from  the  top  of  the 
object  A  B  and  fall  parallel  upon  the  great  mirror  at  f,  are  thence  re- 
flected convei^fing  to  its  focus,  where  they  form  the  lower  extremity  k  of 
the  inverted  image  i  K,  similar  to  the  upper  extremity  a,  of  the  object 
A  B ;  and  passing  on  to  the  smaller  mirror  L  and  falling  upon  it  at  h, 
they  are  thence  reflected  in  the  converging  state  h  o ;  ana  goin^  on 
through  the  hole  F  of  the  great  mirror,  they  would  meet  somewhere 
about  q,  and  form  there  the  upper  extrcmitv  a  of  the  erect  image  a  d, 
similar  to  the  upper  extremity  a  of  the  oDJect  a  b  ;  but  by  passing 
through  the  convex  glass  b  in  their  way,  they  meet  and  cross  sooner,  as 
at  a,  where  that  pohit  of  the  erect  image  is  formed.  The  like  b^n^ 
understood  of  all  thobc  rays  which  flow  from  the  intermediate  points  (» 
the  object,  between  a  and  b,  and  enter  the  tube  t  t,  all  the  intermediate 
points  of  the  image  between  a  and  b  will  be  formed ;  aud  the  rays 
passing  on  from  the  ima^  through  the  eye-glass  s,  and  through  a  small 
iiole  e  m  the  end  of  the  lesser  tune  1 1,  they  enter  the  eye  f  which 
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the  image  a  d  (bj  means  of  the  eje-ghiss),  under  the  large  angle  c  e  d, 
and  magnified  in  leng[th,  under  that  angle,  from  c  to  d. 

To  find  the  magnifying  power  of  this  telescope,  multiply  the  focal 
distance  of  the  great  mirror  by  the  distance  of  the  small  mirror,  from 
the  image  next  the  eye,  and  multiply  the  focal  distance  of  the  small 
mirror  by  the  focal  distance  of  the  eye-glass ;  then  divide  the  product 
of  the  latter,  and  the  quotient  will  express  tlic  magnifying  power 
(Fig.  309.) 

We  now  come  to  that  much  disputed  and  often  quoted  experiment  of 
Archimedes^  who  is  stated  to  have  employed  metallic  concave  specula  or 
some  other  reflecting  surface  by  which  he  was  enabled  to  set  fire  to  the 
Roman  fleet  anchored  in  the  harbour  of  Syracuse,  and  at  that  time  be- 
sie^g  their  city,  in  which  the  great  and  learned  philosopher  was  shut  up 
with  the  other  inhabitants.  The  story  handed  down  to  posterity  was  not 
disputed  till  about  the  seventeenth  century,  when  Descartes  boldly 
attacked  the  truth  of  it  on  philosophical  grounds,  and  for  the  time 
silenced  those  who  supported  the  veracity  of  this  ancient  Joe  Miller. 
Nearly  a  hundred  years  after  this  time,  the  neglected  Archimedes  fiction 
was  again  examined  by  the  celebrated  naturalist  Buflbn,  and  the  account 
of  his  experiments  detailed  by  the  author  of  "Adversaria,"  in  Chambers' 
Journal,  is  so  logical  and  conclusive,  that  we  give  a  portion  of  it  verbatim. 

"  For  some  years  prior  to  1747,  the  French  naturalist  Buffon  had 
been  engaged  in  the  prosecution  of  those  researches  upon  heat  which 
he  afterwards  published  in  the  first  vohime  of  the  Supplement  to  his 
,  *  Natural  History.'  Without  any  previous  knowledge,  as  it  would 
seem,  of  the  mathematical  treatise  of  Anthemius  {wfoi  vapa^$a>»  firi' 
Xatrrjfucrtap},  in  which  a  similar  invention  of  the  sixtn  century  is  de- 
scribed,* Buffon  was  led,  in  spite  of  the  reasonings  of  Descartes,  to 
conclude  that  a  speculum  or  series  of  specula  might  be  constructed 
sufficient  to  obtain  results  little,  if  at  all,  inferior  to  those  attributed  to 
the  invention  of  Archimedes. 

"  This,  after  encountering  many  difficulties,  which  he  had  foreseen 
with  great  acuteness,  and  obviated  with  equtd  ingenuity,  he  at  length 
succeeded  in  effecting.  In  the  spring  of  1747,  he  laid  before  the  French 
Academy  a  memoir  which,  in  his  collpcted  works,  extends  over  upwards 
of  eighty  pages.  In  this  paper,  he  describes  himself  as  in  possession  of 
an  apparatus  by  means  of  which  he  could  set  fire  to  planks  at  the  distance 
of  2(K),  and  even  210  feet,  and  melt  metals  and  metallic  minends  at 
distances  •varying  from  twenty-five  to  forty  feet.  This  apparatus  he 
describes  as  composed  of  168  plain  glasses,  silvered  on  the  back,  each 
six  inches  broad  oy  eight  inches  long.  These,  he  says,  were  ranged  in 
a  large  wooden  frame,  at  intervals  not  exceeding  the  third  of  an  inch  ; 
so  that,  by  means  of  an  adjustment  behind,  each  should  be  moveable  in 
all  directions  independently  of  the  rest — the  spaces  between  the  glasses 
being  farther  of  use  in  allowing  the  operator  to  see  from  behind  the 
point  on  which  it  behoved  the  various  disks  to  be  converged. 

•  Sm  Qlbbon'f  "  Dedine  and  Fall,"  chap.  xl..  section  v.,  note  g. 
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"These  results  asoertained,  Boffou's  next  inquirj  was  how  far  tbcj 
corresponded  with  those  ascribed  t«  the  mirrors  of  Archimedes — tin 
most  particular  account  of  which  is  given  by  the  historians  Zonaras  and 
Tsetzes,  both  of  the  twelfth  century.*  '  Archimedes,'  says  the  first  d 
these  writers, '  having  received  the  rays  of  the  sun  on  a  mirror,  b?  the 
thickness  and  p»olish  of  which  they  were  reflected  and  united,  Idiidled  a 
flame  in  the  air,  and  darted  it  with  full  violence  on  the  ships  whidi 
were  anchored  within  a  certain  distance,  and  which  were  acoording^y 
reduced  to  ashes.'  The  same  Zonaras  relates  that  Proclus,  a  oelebratod 
mathematician  of  the  sixth  century,  at  the  siege  of  Constantinople,  set 
on  fire  the  Thracian  fleet  by  means  of  brass  mirrors.  Tsetzes  is  vet 
more  particular.  He  tells  us,  that  when  the  Boman  salleys  were  within 
a  bow-shot  of  the  city-waUs,  Archimedes  caused  a  xind  of  hexagonal 
speculum,  with  other  smaller  ones  of  twenty-four  facets  each,  to  be 
puM^d  at  a  proper  distance ;  that  he  moved  these  by  means  of  hinges 
and  plates  ot  metal ;  that  the  hexagon  was  bisected  by  '  the  meridian  of 
summer  and  winter ;'  that  it  was  placed  opposite  the  sun ;  and  that  a 
great  fire  was  thus  kindled,  which  consumea  the  Boman  fleet. 

"From  these  accounts,  we  may  conclude  that  the  mirrors  of  Ardiimedes 
and  BulTon  were  not  very  different  either  in  their  construction  or  effects. 
No  question,  therefore,  could  remain  of  the  latter  having  revived  one  of 
the  most  beautiful  inventions  of  former  times,  were  there  not  one  cir- 
cumstance which  still  renders  the  antiquity  of  it  doubtful :  the  writers 
contemporary  with  Archimedes,  or  nearest  his  time,  make  no  mention 
of  these  mirrors.  Livy,  who  is  so  fond  of  the  marvellous,  and  Polybius, 
whose  accuracy  so  great  an  invention  could  scarcely  have  escaped,  are 
alto^ther  silent  on  the  subject.  Plutarch,  who  has  collected  so  many 
particulars  relative  to  Archimedes,  speaks  no  more  of  it  than  the  former 
two ;  and  Galen,  who  lived  in  the  second  century,  is  the  first  writer  by 
whom  we  find  it  mentioned.  It  is,  however,  difficult  to  conceive  how 
the  notion  of  such  mirrors  having  ever  existed  could  have  occurred,  if 
they  never  had  been  actually  employed.  The  idea  is  greatly  above  the 
reach  of  those  minds  which  are  usually  occupied  in  inventing  falsehoods; 
and  if  the  mirrors  of  Archimedes  are  a  fiction,  it  must  be  granted  that 
ther  are  the  fiction  of  a  philosopher." 

Supposing  that  Archimedes  really  did  project  the  concentrated  rays 
of  the  sun  on  the  Boman  vessels,  one  cannot  help  pitying  the  ignoiaoce 
of  the  Admiral  Marcellus.  Had  thb  officer  been  acouamted  with  the 
laws  of  the  reflection  of  light,  he  might  have  lauened  to  scorn  the 
power  of  Archimedes,  and  b^  receiving  the  unfriendiy  rays  on  one  of 
the  bright  brazen  convex  shields  of  his  soldiers,  MarccUus  could  have 
scattered  the  concentrated  rays,  and  prevented  the  burning  of  his 
vessels. 

In  these  days  of  learning  it  therefore  appears  strange  to  find  any  one 
advocating  the  possible  use  of  specula  or  reflecting  mirrors  for  the 
purposes  of  offence  or  defence,  but  M.  Peyrard  a  few  years  ago  proposed 

•  Quoted  b7  FabriduB  in  Us  «  Uiblloth.  Gnea."  voL  iL,  pp.  661,  iSL 
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to  produce  great  effccU  bj  mountiag  eacU  mirror  in  a  distinct  fmne, 
cairjiu^  a  telescope  so  toat  oue  person  could  direct  the  rajs  to  tlie 
dbject  mtended  to  be  set  od  fire,  and  lie  gntvely  calculated,  presuming 
on  the  ignorance  o[  the  attacked,  that  with  591)  glasses  of  about  tneotj 
inches  id  diameter,  he  could  reduce  a  fleet  to  ashes  at  the  distance  of 
a  goarter  of  a  league  !  and  with  glasses  ol  double  that  size  at  the  dis- 
tance of  half  a  mile  !  What  effect  a  shell  or  shot  would  produce  upon 
this  aueietit  ncapoo  is  uol  stated  j  this  we  may  saTclj  leave  our  reaoen 
to  detenniDe  for  tlicmsclvcs.  Tlie  cspcrimeiLt  of  Archimedes  has  long 
been  a  favourite  one  trith  the  boys.    il:'i^',  310) 


Fig.aiO.    Ontori 


. .  ...  .  ^  t  -  -  "  "^  water  is  on  ex- 
periment that  admits  of  great  variety  so  far  as  colour  is  concerned,  and 
IS  one  of  the  moat  uotcI  and  beautiful  experiments  with  light  presented 
to  the  public  within  the  last  few  years.  The  author  had  the  pleasure 
of  introduciDg  it  in  tlie  first  place  at  the  Polyteehnio  Institution,  where 
the  optical  noTeltj  excited  the  greatest  attention,  and  received  the 
auproDation  of  her  Most  Gracious  Majesty,  and  bis  Koyal  Highness 
the  Fnnce  Consort,  with  the  Royal  Family,  who  were  pleased  to  pay  a 
private  evening  visit  to  the  Folytechnic,  and  amonnt  other  things 
minutely  exanuned  the  "  Illuminated  Cascade,"  wliicli  nad  been  erected 
by  Mons.  Duboscq  of  Paris. 

The  illumination  of  the  dcsccndins  columns  of  water  was  obtained  by 
cooverging  the  rsja  (rem  a  [wwerful  electric  light  upon  the  oriQce  &oni 
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which  the  water  esatped,  tlie  Daboscq  hmtern  already  ezpluned  haag 
employed,  and  in  frost  of  it  were  plaMd  three  oyliiiders,  each.  haTing  a 
circnlar  window  behind  and  opposite  the  lens,  and  an  aperture  of  aboot 
one  inch  in  diameter  on  the  opposite  side  for  the  escape  of  ymter.    Hm 


lantern  used  was  of  a  peculiar  shape,  and  bad  three  Bides,  the  eleefaie 
light  being  in  the  centre  of  tbem,  and  passing  throuc;b  three  sepaiate 
plano-convex  lenses  to  the  three  cylinders  from  which  the  water  esosped. 
Attention  muj  be  directed  to  the  fact  that  the  light  merely  passes 
out  of  ike  orifices  as  a  diverging  beam  of  light  until  tjie  flow  of  water 
^  when  the  rays  are  unmeUisteJy  taken  Dp  and  reflected  (tOB 
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|)cint  to  point  inside  tliearched  column  of  water, and  iUominatingthe  latter 
m  the  most  loYely  manner,  it  appears  sometimes  like  a  stream  of  liquid 
mfttal  from  the  iron  furnace,  or  Lke  Uquid  rub^  glass,  or  of  an  amethyst 
or  topas  colour,  according  to  the  colours  of  the  plates  of  glass  held 
between  the  mouths  of  the  lantern  and  the  circular  windows  in  the 
cylinders  of  water.  The  same  experi- 
ment created  quite  a  furore  at  the 
Crystal  Palace  when  it  was  introduced 
in  one  ci  the  author's  lectures  deli- 
vered in  that  noble  place  of  amuse- 
ment. In  order  that  our  readers  may 
understand  the  arrangement  of  the 
apparatus,  we  have  given  at  page  294 
a  ground  plan  view  of  it,  as  also  the 
appearance  of  the  cascade  when  exhi- 
bited at  the  Polytechnic  to  the  Bx)yal 
party.  (Fig.  313.) 

Another  curious  effect  observed  with 
the  illumini^d  cascade,  is  the  descent 
of  balls  of  light  as  the  reflection  is  cut 
off  for  a  moment  by  passing  the 
fmger  through  the  stream  of  water, 
showing  that  a  certain  time  is  occupied 
in  the  reflection  of  light  from  one  end 
of  the  cvlinder  of  water  to  the  other ; 

indeed  tue  best  idea  of  the  rationale     Fig.  8U.  a  b.  The  Bidet  of  the  cai- 
of  the  experiment  »  formed  by  subsU-  SJ^SonM^  ^ofZ  bSSuT. 
tutmg  m  ima^mation  a  silver  tube  Ught  pwsing  down  iiuide  the  water, 
highly  polished  in  the  interior,  for  the 

descenmng  jet  of  water.  The  reflection  of  sound  takes  piaoe  precisely 
in  the  same  manner,  and  the  vibrations  of  the  air  are  reflected  from  plane, 
concave,  and  convex  surfaces.  It  is  on  this  principle  that  waves  of  sound 
thrown  off  from  different  surfaces  (as  of  hard  rocKs),  produce  the  effect 
of  the  echo.  The  sounds  arrive  at  the  ear  in  succession,  those  reflected 
nearest  the  ear  being  flrst,  and  the  reflecting  surfaces  at  the  greatest 
distance  sending  the  waves  of  sound  to  the  car  after  the  former.  At 
Lurley  Falls  on  the  Rhine,  there  is  an  echo  which  repeats  seventeen 
times.  Whispering  galleries,  again,  illustrate  the  reflection  of  sound 
from  continuous  curved  surfaces,  just  as  the  arched  column  of  water 
reflects  from  its  interior  curved  surfaces  the  rays  of  light. 

Speaking-tubes  are  well  known  in  which  the  waves  of  sound  are 
BUccessiveW^  reflected  from  the  sides,  exacUy  like  the  **  Illuminated 
Cas(»de"  ^ig.  312).  The  speaking-trumpet  is  also  another  and  familiar 
example  ot  the  same  principle*.  Probably  when  Albertus  Magnus  con- 
structed the  brazen  head,  which  had  the  power  of  talking,  it  was  nothing 
more  than  a  metallic  head  with  a  few  wheels  and  visible  mechanism 
inside,  but  connected  with  a  lower  apartment  by  a  hollow  metal  tube, 
where  Albertus  Magnus  descended,  and  astonisued  the  ignorant  with 
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TUB   KALEIDOSCOPE. 

If  this  ortictG  on  li^ht  and  optica  had  gone  minutelj  into  the  mathe- 
iDBlical  Bud  pure!;  scientific  portiun  of  tlie  subject,  we  aliould  bare  bad 
frequent  occasion  to  mention  the  Dame  of  Sir  Dat-id  Brewster,  a  dis- 
tinguished philosopher,  whose  name  is  peculiarly  identified  with  this 
interesting  branch  of  physics.  It  is  alirajs  pleasing  to  find  men  of  such 
standing  not  only  devotiue  themselres  to  arguments  which  college 
wrooglen  would  stud;  viU. pleasure,  but  also  descending  toabwer 
lercl,  and  inventing  optical  instruments  (hat  delight  and  amose  the 
non-soientific  and  luveoilB  port  of  the  communitj.  The  names  of  & 
i^iid  Brewster  and  Professor  Wbeatstone  hare  been  connected  durinit 
the  last  few  years  with  the  invention  of  the  stereoscope,  an  instrumeat 
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that  «31  be  noticed  in  another  part  of  this  book,  but  here  we  ahall 
describe  one  of  the  most  oricinal  optical  iostrumenta  ever  derised,  and 
although  it  15  Dov  regarded  as  a  mere  to;,  its  merits  are  very  gre&t. 
The  tiUe  of  the  instruDieiit  is  borrowed  from  the  Greek  coXoc,  beaotiful, 
<iitet,  a  form  or  appearance,  aKotttv,  to  see;  and  the  pnblic  certainlj 
endorsed  the  name  when  the;  purchaacd  900,000  of  these  instrn- 
nients  in  London  and  Paris  danng  the  space  of  three  months.  It  is 
said  that  the  sensation  it  excited  in  London,  throughout  aJl  ranks 
of  the  community,  was  astonishing,  and  people  were  everrwberc  seen, 
even  at  the  comers  of  the  streets,  looking  through  the  kaleidoscope. 
The  essential  parts  of  this  instrument  are  two  mirrors  of  unsilyered 
black  parallel  glass,  or  jilatc  gUss  painted  black  on  one  side,  which 
should  be  from  sii  to  ten  inches  in  length,  and  from  one  inch  to  an  inch 
and  a  half  m  breadth  at  the  object  ena,  while  the;  are  made  narrower 
at  the  other  end,  to  which  the  eje  is  applied.  Tlie  mirrors  are  united 
at  their  lower  edges  hj  a  strip  of  black  calico  filed  with  common  glue, 
and  are  left  open  at  the  upper  edges,  and  retained  at  the  proper  angle 
bj  a  bit  of  cork  properly  blackened.  The  angles  are  36°  30°,  25°f, 
22=i,  20",  18°,  which  divide  the  circumference  into  10,  12,  li,  16,  18. 
30  parts,  thus  36  X  10  =  360,  or  IS  x  20  =  360,  and  the  strictest 
attention  must  be  paid  to  this  part  of  the  adjustment,  or  the  flgores 
produced  will  not  be  symmetrical.    After  the  mirrors  are  adjostM  to 


uiuJIt  nllcd  wlih  ground  gUu  « 
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the  proper  angle,  the  space  betweeu  the  two  upper  ed^s  sbonld  be 
ooTcred  across  with  black  velvet  and  the  mirrors  plac^  in  a  tin  or 
brass  tube,  so  that  the  broad  ends  shall  barely  project  beyond  the 
end,  while  the  narrow  end  is  placed  so  that  the  angle  formed  by  the 
junction  of  the  mirrors  shall  be  a  little  below  the  middle  of  that  end  of  the 
tube.  A  cover  with  a  circular  aperture  in  the  centre  is  then  to  be  fitted 
to  the  narrow  end  of  the  mirrors,  which  should  in  general  be  furnished 
with  a  convex  lens  whose  focal  length  is  an  inch  or  two  greater  than 
the  length  of  the  mirrors.  A  case  for  holding  the  objects,  tmd  for  com- 
municating to  them  a  revolving  motion,  is  fitted  to  the  object  end  of  the 
tube.  The  objects  best  suited  for  producing  pleasing  effects  are  small 
fragments  of  coloured  glass,  wires  of  glass,  botn  spun  and  twisted,  and  of 
different  colours  and  shades  of  colours,  and  of  various  shapes,  in  curves, 
angles,  circles ;  also,  beads,  bugles,  fine  needles,  small  pieces  of  lace,  and 
fragments  of  fine  sea-weed  are  very  beautiful.  M.  Sturm,  of  Prague,  has 
lately  fixed  the  images  of  the  kaleidoscope,  so  that  they  are  available  for  the 

f  reduction  of  patterns  in  every  branch  of  silk,  cotton,  and  mixed  fabrics, 
'hotographs  could  be  taken  of  the  most  beautiful  of  these  accidental 
designs,  which  only  occur  once,  and  if  not  copied  are  lost. 

fulshing  siokals. 

The  mirror  with  which  naughty  boys  have  from  time  immemorial 
annojed  "  the  maid  hanging  out  the  clothes"  and  any  other  unfortunate 
withm  convenient  distance,  has  of  late  been  put  to  good  account  in 
warfare.  And  strangely  enough,  it  has  been  used  in  precisely  the 
manner  depicted  in  Fig.  810;  namely,  to  cast  a  beam  of  sunli^t  in  a  par- 
ticular direction.  In  the  first  experiments,  I  believe  a  s£iving  glass 
was  used,  but  this  gave  place  to  an  instrument  called  the  keliograpk, 
its  function  being  to  transmit  signals  by  means  of  flashes. 

In  warfare,  it  frequently  happens  that  one  corps  of  an  army  becomes 
separated  from  another,  without  any  means  of  communication.  Such  a 
thmg  occurred  lately  in  Zululand,  when  Colonel  Pearson  was  shut  up  in 
an  extemporized  fort,  surrounded  on  all  sides  by  the  enemy.  He  was  in 
fact  in  a  trap,  he  had  gone  in,  but  could  not  get  out,  at  least,  not 
without  being,  with  his  gallant  band,  cut  to  pieces  in  the  attempt.  He 
knew  well  that  his  comrades  would  not  allow  him  to  starve  at^owe. 
And  as  he  expected,  a  force  was  soon  sent  to  his  relief. 

Now  long  before  the  relieving  column  reached  their  ^al,  they  were 
enabled  to  cariy  on  constant  communication  with  those  in  the  fortress, 
and  they  accomplished  this  by  means  of  flashing  signals  sent  by  the 
heliograph.  Imagine  a  round  mirror  with  a  little  of  the  quicksilver 
scratched  awav  from  its  back  in  the  centre,  and  you  will  have  a  veiy 
good  idea  of  this  instrument  It  is  swung  in  a  frame,  not  unlike  an 
ordinary  toilet  glass,  and  the  whole  arrangement  is  supported  on  a 
tripod  stand  to  bring  it  up  to  the  level  of  the  operator's  eye.  A  few 
feet  in  front  of  the  mirror  is  planted  a  stick  having  a  stop  upon  it 
which  can  be  adjusted  to  any  height.  This  stop  answers  to  the  tight 
upon  a  gun  barrel,  and  is  used  to  t-ake  aim  wiUi  the  mirror  upon  any 
desired  spot.    80  that  if  the  operator  wishes  his  flashes  to  be  seen  at  a 
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distant  place,  lie  will  first  of  all  arrange  his  apparatus  so  that  tlie  stop 

will  just  come  between  his  line  of  sight  through  the  mirror  and  the 

place  to  which  he  wishes  to  aim  the  flashes.     When  this  is  once 

arranged,  the  mirror  can  be  so  adjusted  that  it  will  always  fall  to  the 

desired  angle,  except  when  a  lever  at  the  back  is  depressed  to  interrupt 

and  separate  the  flashes. 

In  the  diagram  Fig.  315,  ,." 

these  arrangements  are 

shown,    ana     can     be 

readily  understood. 

A  system  such  as  this, 
only  worked  by  means 
of  flags,  has  long  been 
in  use  on  shipboard, 
and  each  ship  is  fur- 
nished with  a  code  by 
which  the  crew  can  trans- 
mit, and  understand, 
signals  transmitted  to  ; 
them  by  other  ships.  ' 
Diflerent  coloured  flags, 
placed  in  different  rela- 
tive positions  to  one  another,  signify  different  numbers,  and  these  numbers 
in  the  code  will  mean  different  sentences.  Thus  an  Admiral's  ship  may 
run  up  a  few  coloured  flags  to  the  masthead.  The  other  ships  of  the 
squadron  immediately  refer  to  their  code,  and  find  the  number  to  which 
that  particular  combination  of  flags  is  attached  is,  say  243.  Then  against 
these  figures  they  see  the  order  "  weigh  anchor  and  they  act  ad- 
cordmgly.  This  is  merely  an  imaginary  case  in  order  to  demonstrate 
the  apphcation  of  the  system. 

The  heliograph  comprehends  a  system  of  the  same  kind,  only  instead 
of  flags,  we  have  here  to  deal  with  flashes,  and  I  will  now  explain  how 
these  flashes  are  converted  into  intelligible  language.  First  we  have 
an  alphabet,  which  like  the  Morse  tel^raph  alphabet  alreadv  detailed  on 
another  page,  is  a  system  of  longs  and  shorts,  or  dots  and  dashes.  Only 
in  this  case  we  have  an  alphabet  of  numbers,  instead  of  letters.  Thus ; — 
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1  is  expri 

esse 

o 

»»* 

}f 

•6 

)7 

4 

}7 

6 

y) 

6 

73 

7 

ff 

d 

J» 

9 

99 

10 

7) 

two    ,y    flashes 
three  „       „ 
four   „       „ 
five    „       „ 
one  \oTL^  flash 
a  short  and  a  long' 
the  .reverse  of  7 
by 
by  the  reverse  of  9 

z  2 
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An  answering  signal  meaning  that  the  receiver  of  the  message 
understands  what  is  sent  is  expressed  by  alternate  long  and  short 
flashes,  thus : — 

The  code  is  made  up  of  hundreds  of  different  sentences,  of  a  nfltoie 
most  likely  to  be  required  in  warfare.  And  these  sentences  are 
numbered  consecutively.  We  may  suppose  that  on  opening  the 
code  book  we  find  the  following  at  the  top  of  one  of  the  pages — 

1671.  Send  on  cavalry  at  once. 

1672.  Our  ammunition  is  failing. 

1673.  The  enemy  is  preparing  to  attack. 

The  first  sentence  here  quoted  would  be  expressed  in  flashes  thus  :— 

1  "T  "T"  T 

On  receiving  such  a  signal,  the  officer  in  charge  of  the  heliograph  would 
refer  to  the  code,  and  immediately  report  to  nis  oommandii^  officer  the 
message  conveyed. 

Not  only  in  Zululand  has  this  system  proved  of  service,  but  it  has 
flashed  signals  across  the  wild  passes  of  Afghanistan,  and  has  done 
much  to  mitigate  the  horrors  of  warfare  in  &at  country  as  well  as  in 
other  regions. 

It  may  be  urged  that  without  sunshine  the  heliograph  is  useless. 
This  has  been  provided  for  in  the  construction  of  a  hngh  timber  frame 
filled  in  with  louvre  boards  like  a  Venetian  blind.  Tne  movement  of 
these  boards  is  governed  by  a  lever,  on  depression  of  which  they  take  up 
a  horizontal  or  vertical  position*  When  horizontal,  their  ec^es  only 
are  in  view  of  the  distant  observer,  so  that  he  can  hardly  see  them  ^ 
all ;  but  when,  by  the  action  of  the  lever,  they  are  placed  edee  to  ed^ 
they  form  a  dense  square  mass  which  is  easily  seen.  By  depressmg 
the  lever  for  long  or  short  periods,  the  long  and  short  flashes  are 
mimicked,  and  so  correspondence  is  carried  on  in  the  absence  of  sunshine. 

We  Londoners  well  know  what  a  fo^  means,  and  it  is  evident  that 
no  system  such  as  this  could  be  worked  in  one  of  those  thick  November 
days  such  as  we  often  have  in  the  metropolis.  This  difficulty  is  alao 
met.  Powerful  fog  horns,  such  as  are  used  on  our  coasts,  and  on 
ship-board  in  thick  weather,  are  here  called  into  play.  The  lun^  or 
some  other  bellows,  pump  into  the  fog-horn  sufficient  wind  to  yield  a 
short  or  long  sound,  and  once  more  the  dot  and  dash  system  is  rendered 
available.  1  may  here  without  any  great  digression  mtroduce  a  storr 
about  Mr.  Edison,  which  is  a  good  instance  of  the  ready  tact  wits 
which  he  adapts  to  his  wants  anything  that  may  be  at  hand. 

The  telegraph  wire  across  one  of  the  broad  American  rivers,  for  some 
reason  or  other,  suddenly  refused  to  work.  It  was  essential  tiiat 
directions  how  to  act  should  be  immediately  conveyed  across.  No  boat 
or  other  means  of  crossing  was  at  hand.  •  But  on  a  railway  line  near, 
stood  a  locomotive  engine.  Edison  jumped  on  to  the  foot-plates  and  in 
another  moment  the  whistle  was  shrieking  dots  and  dasoea  to  tboca 
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cm  the  further  side.  Not  long  after  an  answering  whistle  was  heard, 
and  arrangements  were  quicklj  made  to  repair  the  disaster. 

A.t  night,  the  flash  system  is  of  course  easily  carried  on  by  means  of 
lamps.  One  of  these  constructed  for  the  purpose  is  especially  worthy 
of  notice.  If  consists  essentially  of  a  spirit  lamp  enclosed  in  a  lantern. 
Now  a  spirit  lamp  gives  but  a  feeble  blue  flame,  which  cannot  be  seen 
from  any  distance ;  but  it  possesses  plenty  of  heat,  and  this  heat  is 
utilized  for  the  flash  system,  by  igniting  a  pyrotechnic  mixture  which 
is  blown  into  the  flame  when  required.  This  mixture  includes  pow- 
dered magnesium,  and  gives  a  most  brilliant  light.  It  is  contained  in 
a  small  receptacle  in  the  body  of  the  lantern,  and  is  urged  into  the 
flame  by  means  of  an  indiarubber  tube  which  passes  outside  the  lamp 
to  the  operator's  mouth.  A  long  breath  or  a  short  breath  will  here 
once  more  illustrate  the  alphabet  of  dots  and  dashes. 

The  flashes  from  the  heliograph  can  be  seen  and  understood  for  at 
least  twenty  miles.  At  night  if  the  electric  light  be  employed  as 
transmitter,  this  distance  can  be  quadrupled,  provided  that  the  light 
is  placed  sufficiently  high  to  clear  the  convexity  of  the  earth  between 
the  sender  and  receiver.  One  more  allusion  to  Mr.  Edison  and  the 
Morse  system.  He  has  two  little  children,  and  their  nicknames  are 
••Dot"  and  "Dash." 


CHAPTER  XXII. 

THE  BBTBACTION  OF  LIOHT. 

This  term  appears  to  be  often  confounded  with  that  of  reflection,  and 
signifies  the  bending  or  breaking  back  of  a  ray  of  light  (re,  back,  and 
frangOt  to  break) ;  and  it  will  be  remembered  that  when  light  faUs  on 
the  surface  of  a  solid  (either  liquid  or  gaseous)  body,  it  may  bp  reflected 
(rv,  back,  and^ecto,  to  bend),  refracted,  nolarized,  or  absorbed.  In  the 
previous  chapter  the  property  of  the  reflection  of  light  has  been  fully 
investigated,  and  in  this  one  refraction  only  will  be  considered.  It  is 
a  property  which  has  been,  and  will  continue  to  be,  of  the  greatest 
practical  utility  in  its  application  to  the  construction  of  all  magnifying 
glasses,  whether  belougiug  to  the  telescope,  microscope,  magic  lantern,  or 
tne  dissolving  views ;  or  the  minor  refracting  instruments — such  as  spec- 
tacles, opera-glasses,  &c.;  and  it  should  be  remembered  that  their 
magnifying  power  depends  solely  on  the  property  of  refraction. 

if  substances  such  as  glass  had  not  been  endowed  with  this  property, 
it  would  be  difficult  to  understand  how  the  great  discoveries  in  the 
science  of  astronomy  could  have  been  made,  or  what  information  we 
oould  have  gained  respecting  those  interesting  truths  so  constantly 
revealed  by  tne  aid  of  the  microscope.  Numerous  instances  mif^ht  be 
quoted  of  the  value  of  this  latter  instrument  in  the  detection  of 
Multeration,  and  the  examination  of  organic  structures.  When  so 
many  talented  and  industrious  scientific  men  are  at  work  with  this 
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iutnuneiit,  it  is  perhaps  ioTidiou  to  point  Ut  one  singlj,  thou)^  «« 
mast  mtke  an  exception  in  favour  of  Rofeuor  Ehrenber^  of  Beriis, 
nhtue  microscope  did  such  cood  gervice  m  procuring  ondeniable  proof  of 
tbe  SimoDidea*  fraud ;  he  nti  made  use  of  it  again  to  detect  the  tfaief 
that  stole  a  barrel  of  ipecie,  which  had  been  pnrloined  on  one  of  the 
railwajs.  One  of  a  aumber  of  barrels,  that  should  hare  oontaiiied 
coin,  was  fonud  on  turival  at  its  destination  to  !ia«e  been  emptied  of  its 
precious  contents,  and  refilled  with  saud.  Oa  Profeaaor  Ehrenber^ 
beinft  consulted,  he  sent  for  samplei  of  sand  from  all  tbe  atations  aloag 
the  different  lines  of  railway  that  the  specie  had  paaaed,  and  \>J  metas 
of  his  microscope  identiGed  the  station  fraio  wbich  the  sand  must  hiTc 
been  taken.  Ilie  stalioa  once  discovered,  it  was  n«t  difficult  to  hit 
upon  tbe  culprit  in  the  aoiall  nuoiber  of  atployet  on  dutj  there. 


The  simplest  case  of  refraction  oi 


«of  a 


rciia 


n  tracing  tbe  o 
of  li;;bt  thniDgh  the  a 
the  medium  water ;  in  ttus  caaeu 
paasea  from  a  rare  to  a  dense  mc 
diuiD,  and  the  fact  itself  is  well 
illnstiated  bj  the  next  diagram,  ia 
which  tbe  shaded  portion  t«pre- 

I  seuts  water,  and  the  paper  tlut  it 
's  drawn  upon  the  air.  The  lioc 
iRis  aperpeodicular  raj  of  light, 

I  which  passes  straijcht  from  the  air 
into  and  tbroagh  the  water,  with- 

]  ont  being  changed  in  its  direction. 
The  line  cni"  another  raj.incUaed 
from  the  perpendieniar,  and  eoter- 
ing  the  water  at  an  angle,  does  not 

Kta  in  the  straight  line  indicated  b;  the  dotted  line,  but  is  refracted  oi 
at  towards  tbe  perpendicular  at  d  e. 

Tliis  fact  reduced  lo  the  brevilT  of  scientific  laws  is  thus  expressed  :— 
When  a  raj  of  light  falls  perpendicularly  on  a  refractin);  surface,  it  iatt 
not  experimet  any  rrfToetio*  or  eha»ge  o/direetion.  When  light  passu 
out  of  a  rare  into  a  denae  medium,  as  from  air  into  water,  Ikf  a»gle  s/' 
incidence  it  gteaUr  then  lie  angU  of  refraetion.  And  when  light  passes 
from  a  dense  into  a  rare  medium,  as  out  of  water  toto  air,  Ike  rrrmr 
lake!  place,  and  the  angle  of  inHdence  ii  smallfr  tian  Ike  angle  of  rr- 
fraelion. 

In  order  to  illustrate  these  laws,  a  zinc-worker  or  tinmao  ma;  con- 
struct a  little  tank,  with  glass  windows  in  the  front  and  sides,  tbe 
latter  being  as  deep  as  the  half-circle  described  on  the  back  melal  ptite 
of  the  tani,  which  of  course  rises  higher,  in  order  to  show  the  full 
circle ;  this  should  be  japanned  while,  and  a  pernendicular  and  hori- 
toutal  black  line  described  upon  it^the  whole,  with  the  exception  of 
the  circle,  being  japanned  black.  If  the  Doboscq  lantern  is  arranged 
with  the  little  mirror,  as  described  in  fig.  306,  page  337,  the  raj  of 
light  maj  be  thrown  perpeadiculaily,  or  at  an  angle,  through  the  water, 
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Bnd  the  actual  breaking  btck  of  the  n;  of  light  i*  readered  distiocllj 

kppueiLt.    (Fig.  317.) 
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tlg^n.    i.  TMmcaitmun.    >.  Tha  raLrrar.    >  a.  Tha inddtot  nf,    CD.  Than- 
ncMd  nj.    m  w.  Tuk,  eooUialnit  wMer  up  to  the  taorlunUl  lino  oT  the  dnb. 

The  refraction  of  light  ia  also  well  displaced  b;  Daboscq'a  apparatns, 
with  the  plauo-coarez  lens,  aod  a  braw  arrow  as  an  object,  with  another 
double  convex  iens  to  focus  it.  When  a  f;oad  sharp  outline  of  the 
arrow  is  obtained  on  the  disc,  a  pm^ion  of  the  rays  of  light  producinj;  it 
maj  then  be  truly  broken  ont  or  refracled  b;  laying  across  the  brass 
arrow  a  square  bar  of  plate  glass.    (Fig.  31S.) 


There  are  manj  simple  ways  in  which  tlie  refraction  of  light  is  dia- 
played,  snch  as  the  apparent  breekini;  of  an  oar  where  it  enters  the 
water,  or  the  remarkable  manner  in  which  the  bottom  is  lifted  up  when 
we  look,  at  anj  angle,  through  tlie  clear  water  of  a  deep  river  or  lake; 
the  latter  circumstance  has  unhappily  led  to  moil  aerious  accidents,  in 
coneequence  of  children  bein|[  inau(»d  by  the  apparent  ahallowness  of 
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the  water  to  get  in  and  bathe.  Fish,  again,  nnless  seen  perpendiciilarlj 
from  a  boat,  always  appear  nearer  than  their  true  position^  and  the 
Indians,  when  they  spear  fish,  always  take  care  to  strike  as  near  the 

f)erpen(&cular  as  possible;  experienced  shots  know  they  must  aim  a 
ittle  lower  and  nearer  than  tne  apparent  position  of  a  nah  in  order  to 
hit  it. 

Having  learnt  that  light  is  bent  from  its  coarse,  it  might  be  supposed 
that  all  objects  looked  at  through  plate  ^lass  should  appear  distorted ; 
but  it  must  be  remembered  that  the  sides  of  the  glass  bein|^  nearly 
parallel,  an  eaual  amount  of  refraction  occurs  in  every  direction — so 
that,  unless  tne  window  is  glazed  with  uneven  wavy  glass,  the  object, 
for  all  practical  purposes,  does  not  apparently  change  its  position,  being 
neither  moved  to  the  right  or  the  left,  or  upward  or  downward.  In 
order  to  bend  the  rays  of  light  in  the  required  direction,  the  glass  must 
be  cut  into  certain  figures  called  nrisms,  plane  glasses,  spheres,  and 
lenses,  some  of  which  are  shown  in  the  annexed  cut.      (Fig.  319.) 


•  .-!«. 


Fig.  810. 

It  would  be  tedious  to  trace  out,  by  a  regular  series  of  diagrams,  the 
passage  of  light  through  the  variety  of  combinations  of  lenses ;  and  as 

the  plane,  convex,  and  concave 
surfaces  have  been  examined  with 
respect  to  their  effect  on  the  re- 
flection of  light,  they  may  be  re- 
'  ferred  to  again  with  regard  to 
their  influence  in  refracting  light. 
In  the  latter  it  will  be  found  Uiat 
convex  and  concave  lenses  have 
Tig.  820.  A  B.  A  double  convex  leu.   o  !•  a  just  the  opposite  properties  of 

ray  of  light,  which  falls  perpendicularly  on  a  b,  "L;-.^-.  .  aC„^   _  t^^L^jL  u-«  -.. 

a^d  thenfon  passes  on  i&dight  to  f,  the  focus,  mirrors ;  thus,  a  convex  lens  rC' 

s  D.  Bays  IkUing  at  an  angle  on  ▲  b,  retncted  CClVlDg  parallel   rsys  WlU    cause 

to  focus,  F.  I^ljgjjj  iq  converge  to   a  focus. 

(Fig.  320.)  The  case  of  skori-si^hifd  persons  arises  from  too  great  a 
convexity  of  the  ejre,  which  makes  a  very  near  focus ;  and  that  of  old 
people  is  a  flattening  of  the  eye,  by  which  the  focus  is  thrown  to  a 
greater  distance.  The  remedy  for  the  latter  is  a  convex  spectacle  glass, 
whilst  a  concave  lens  is  required  for  the  former,  to  scatter  the  rays  and 
prevent  their  coming  to  a  point  too  soon. 
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The  action  of  a  concave  re- 
fracting surface  is  again  the  op- 
posite  to  a  concave  reflecting   o 

surface  —  the   former  disperses 

the  rays  of  light,  whilst  the  latter   c 

collects  them.    A  concave  lens, 

as  might  be  expected,  produces   ^ 

exactly  the  contrary  effect  on 
light  to  that  of  a  concave  mirror. 
(Fiff.  321.)  Ffff.  321.    AB.  AdoableconoRvelms.   o  Iia 

These  facts  are  well  shown  "^r  <>^  light  which  fellapeiycndiOTlarlj  on  a  b, 
»:«k  ♦■u->  ..:j  r  *u  11  «"'^""  and  puses  through  withoat  any  alterfttion  of  Its 
Wltn  tbe  aia  of  the  lantern  and  ooone.  s  d.  Bais  falUng  at  an  angle  on  ▲  B, 
electric  light.  The  rays  of  light  •'c  refracted  and  diverged 
are  refracted  in  a  visible  manner  when  received  on  a  concave  or  convex 
lens,  provided  a  little  smoke  from  paper  is  employed,  as  in  the  mirrot 
experiments.    (Fig.  322.) 


Fig.  822.    A.  The  electric  light,    b.  The  lene. 

Bearing  these  elementary  truths  in  mind,  it  will  not  be  difficult  to 
follow  out  a  complete  set  of  illustrations  explanatory  of  the  construc- 
tion and  use  of  various  popular  optical  contrivances. 
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OPTICAL  HfSTKDUENTS. 

I.  Tie  Magie  Lantern. 

The  most  popular  of  all  optical  mstrameDls  is  undoubtedlj  tbe  ini^ 
laDtem.  Unlike  the  microscope,  telescope,  sad  oilier  oonlriTauoea  wbict 
can  onl.T  be  used  b;  one  person  at  a  time,  the  laotera  cao  be  made  tbe 
medium  of  amuacmeut  or  tnBlructioa  for  large  audiences.  And  since  tbe 
introduction  of  photographic  pictures  to  replace  the  coarsely  painted 
slides  hitherto  in  use,  it  has  become  a  valuable  educational  help. 

The  coDimon  to;  lantero  (Fig.  333)  consists  of  a  tin  boi  crowtked 
vitb  a  bent  cbimner,  ao  that  the  hot  air  can  be  carried  off  without  anj 
escape  of  light.  Within  this  box  is  an  oil  lamp  and  a  reflector  The 
lenses  are  placed  opposite  the  reflector, 
and  consist  of  a  condenser — to  illnminate 
the  glass  picture  or  alidc—and  the  objec- 
tive, whi en  magnifies  the  picture  npon  the 
sheet  or  screen  placed  for  its  reeeptioiL 
This  form  of  lantern  is  but  a  to;,  and  the 
effects  produced  b;  it  are  onlj  Gt  for  tie 
amusement  of  verj  little  folK.  Stili  its 
description,  so  far  as  the  relative  positions 
of  tbe  glasses  and  lamps  are  concerned, 
would  Bpplf  generally  to  the  amnge- 
inents  ol  the  most  perfect  instruments 

The  magic  lantern  was  much  improved 

b;  the  introduction  of  the  Argand  lamp, 

in  which  ordinarj  coal  gas  was  burnt. 

But  of  late  jears  parafin  oil  has  beoi 

amps,  and   seems  to  have  caused  quite  a 

id  lanterns.    The  first  lantern  oonstmcted 


Flf.  3X9.    Thlnuglt 


applied  to  magic  lantern 
revolution  in  both  lamps 
L  this  oil  was 


.„ .  _   .  ■jplieim   (or  caster  of   shadows), 

and  it  still  descrvedlj  holds  the  first  ploce  among  instmments  of  this 
class.  As  will  be  seen  bj  the  foUowmg  cut,  its  outward  form  diffeis 
materiallr  from  what  we  have  been  accustomed  to  look  for  in  a  magic 
lantern.  Instead  of  being  square,  it  is  cjlindrical,  its  various  parts 
being  so  adjusted  that  there  is  no  wasted  space.  From  experience  I  can 
tesliff  to  its  genenl  eicellence.  It  can  be  used  with  the  oil  lamp  or  with 
the  Dij-hjdrogen  burner,  each  kntern  being  ao  arranged  that  either  fdlm 
of  light  can  be  adopted.  The  lamp  consists  of  a  double  flame  from  tvro 
wicl^  placed  edgeways,  and  the  light  given  is  so  great  that  an  eight-foot 
disc  can  be  iUnminaled  with  great  brilliancy.   This  will  be  BuMdentlj 
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Inge  for  wij  oidiuarj  mom. 
The  geoeial  UTsngtment 
ti  the  iutruDient  caa  be 
Radii;  DadentoDd  from 
the  Kotioual  cut  shoirii  at 
Fie.  3S6. 

In  the  most  recent  forni 
of  gciopticon,  the  lamp  and 
flame  chamber  are  remoT- 
ftble,  and  take  the  form 
ibom  ill  Figs.  'HR  aud 
387.  ■ 
lent 

in  the  focuMiDg  arraoge- 
ment,  nhich  the  companj 
thna  dcecribe.    "Tbe  im- 

SroTement  consiats  in  aban- 
aomf;    tbe    old-fashioned 
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ilka  of  fixinf;  the  slide  in  the  same  place,  and  focussing  wiUi  the  lens, 
or  the  acicnlijic  optical  prineipk  of  first  adjusting  the  front  lens  so  that 
the  whole  of  the  cone  of  light  comiog  from  the 
condensers  passes  thniu^^h  it  on  to  the  screen, 
and  then  focussing  with  the  slide.    The  advantage 
I    is  tirofold — Rrst,  the  slide  being  in   its  correct 
1  o|itical  position  almost  perfect  sharpness  is  ob- 
I  tained   all   over   the   disc;    secondly,  the    slide 
1  being  brought  forward  into  the  cone,  it  is  better 
'  lighted.     Bj   adjuslicu;    the   distance    from    the 
Fto  8S6  Limnoncoteral   "'^**''  ^  ^^'^  ''"  '""^  '''*''  '"  '"*""   is  in  thst 

*'     '  '  part  of  the  cone  which  has  the  tame  diAmeter  ss 

the  nioanl  of  the  slide,  it  is  erideul  thst  the  irhole  of  the  light  vilt 
pass  through  the  picture. 

The  lantern  slides   produced  by  (he  Scioplicon< 

I  Company  are  of  very  excellent  quality.  Tliey  are 
printed  on  glass  by  the  Woodbury  process,  an  inge- 
nious method  of  reproducing  a  phulographic  picture 
by  an  ordinury  printing  press.  A  brief  oalliae  of  the 
process  by  nbicb  these  W[>odbary  slides  are  produced 
will  not  lie  out  of  place. 
In  the  oliapter  on  photographir  ve  have  alread/ 
seen  that  gelatiae  impr<-gnated  with  the  dichromale 
of  an  alkali  becomes  insoluble  after  eii^sare  to  light. 
Jl  is,  so  to  speak,  tanned,  k  gelatine  film  thus 
treated  is  placed  under  a  Degatire  and  exposed  to 
light,  with  the  result  that  those  parts  of  the  negative 
through  which  the  light  passes  witli  the  least  inter- 
niption  are  reproduced  opon  the  gelatine  as  places  ef 
insolability.  The  film  is  then  placed  io  hot  water, 
Figr.si?.  when  the  non-protected  parts  are  melted  out,  lea?- 

Idmp  compleU.  [og  the  picture  in  relief.  Although  this  film  is 
M)  delicate  that  300  pictures  placed  one  abore  the  other  will  measure 
scarcely  an  inch  in  thickness,  it  will  bear  enormous  pressure.  The 
Sciopticon  Company  thai  describe  the  rest  of  the  operations  required 
in  producing  the  slide.  "It  is  in  relief,  that  is,  the  darkest  parts  arc 
the  thickest.  To  produce  the  priati  or  slides,  an  inta/>lio  mould  is 
reqnired.  Upon  a  prefectl^  true  steel  plate  the  film  is  laid,  upon  that 
a  piece  of  lead,  the  whole  is  then  sabjected  to  enormous  pressure  m  a 
hydraulic  press  till  every  part  of  the  Tel^f'ii  crusheri  into  the  raetal,  the 
result  being  a  perfect  intaglio  mould,  with  every  gradation  of  shadow 
accoratel;  represented  by  a  proportionate  deptn  of  hollow.  The 
gossamer  web  or  relief  is  uninjured,  and  will  serve  again  and  again. 

"  Upon  this  mould  a  coloured,  hot,  gelatinous  ink  is  poured,  a  piece  of 

perfectly  tree  plate  gUss  pressed  down  upon  it,  squeeeing  out  all  the 

superfluous  ink.     In  a  few  minutes  it  b  cold,  the  glass  is  removed  wilh 

the  coloured  gelatine  adhering  to  it — the  slide  is  made." 

"I  have  said  that  the  thickness  of  the  relief  is  about  the  ^  of  an 
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iihkdovs,  and  vet  cTCr;  pouible  CTagdalion  of  tone  is  fBitbfuUj  repro- 
duced. How  fine  the  colour  muat  be  m>j  be  judged  from  the  fact,  that  a 
WoodbaiT  lantern  slide  will  not  contain  more  than  a  fiftieth  of  a  gnia  of 
carbon,  which  ia  the  principal  colouring  matter,  manj  not  the  half  of  thai." 
The  next  forni  of  lantern  to  vliicb  I  will  direct  attention  is  the  bi- 
unia]  (Fig.  338).    This  is  one  of  the  most  convenient  fomis  for  ex- 


bibitions  of  dissolving  views.  I  am  in  the  habit  of  using  such  a  lantem 
for  illustrating  Div  lectures.  It  was  made  for  me  b;  Mr.  J.  H.  Steward, 
406,  Strand,  and  I  have  ever;  reason  to  be  satisfied  with  it.  It  co&sista  of 
a  mahogouj  bod;  lined  with  sheet  iron,  with  openings  at  the  back  tbrongh 
which  the  ends  of  the  lime  jets  are  seen  protruding.  In  the  front  are  two 
stages  made  of  brass,  for  the  reception  of  the  slides,  and  these  stages  can 
be  so  adjusted  by  screwi  that  the  two  luminous  discs  upon  the  loreen  are 
made  concentric.  Infrontof  these  stages  ace  theobject  glasses,  the  4-inch' 
condensers  fitting  into  cells  placed  benind  them. 

The  effbct  of  one  view  dissolving  into  another  had  long  a  mjsterj 
attached  to  it,  for  the  inventor  kept  the  manner  of  its  production  a  secret. 
But  this  secret,  like  man;  others,  hoa  long  ago  become  public  propertj. 
The  original  plan  was  to  cause  a  toothed  screen  to  Kraduall|  cover  the 
opening  of  one  lens,  while  a  similar  screen  uncovered  the  orifice  of  the 
other.    This  plnn  has  given  place  to  another  which  has  the  advantage  of 
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saving  fiftj  per  cent,  of  tbe  ^  used,  for  the  diasoWing  is  nov  elleeted 
by  tuminj;  down  one  jet,  while  the  other  is  gradually  tamed  op.  Hie 
maaipolation  of  foiir  Laps  to  attain  this  end,  would  be  isther  a  fomiid- 
able  task  for  one  0[>eratDr,  so  tbe  pbm  of  a  dissolnof;  tap  goreming  the 
—'■-''■  ~i  system  is  now  uniTersally  adopted.    This  tap   is  shown   at 


Sonlj 

ptpefroB 

g.  S39.    DIuoItId;  t^. 

When  the  handle  of  tbe  dissolver  is  placed  upright  as  shown,  both 

laDlenia  are  furnished  with  light,  but  shifted  to  the  ri^ht  or  lef^  only 

'   one  lens  is  illaminated.    The  small  upright  pipes  vhicli  cross  the  othen 

on   each  aide  of  the  centre  of  the  instrument,  are  by-passes  for  the 

gas,  so  that  neither  light  is  ever  actually  turned  out. 

Many  exhibitors  use  a  triple  lantern.  The  capabilities  of  this  inatm- 
ment  are  indeed  enormous.  The  two  lower  lenses  are  used  for  ordinary 
dissolving  views,  whilst  that  above  is  reserved  for  what  aie  known  u 
"  effects."  Thus,  suppose  a  aummer  landscape  In  the  lowest  lantcni  is 
dissolved  into  a  winter  picture  placed  in  the  ne\t  above  ;  the  topmost 
stage  can  then  be  employed  in  the  prodoction  of  falling  snow.  This 
laet  effect  is  managed  by  rolUns  up  a  ribbon  of  opaque  material  pieroed 
with  needle  pricks,  the  upward  motion  being  inverted  bv  the  lens  into 
a  downward  movement  upon  the  screen.  Sffects  of  lighlninc,  moving 
tmoke,  explosions  and  the  like,  can  all  be  easily  portrayea  by  this 
splendid  a^aratus. 

At  the  Polytechnic  sometimes  six  lanterns  are  in  use  at  one  and  the 
same  time ;  besides  a  host  of  accessory  apparatus  behind  the  screen  for 
tbe  production  of  noise — thunder,  wind,  cannon  shots,  the  roars  of 
hungry  beasts,  &c,,  &c.,  are  all  imitated  with  great  success.  A  plate  ii 
appended  representmg  the  efforts  to  imitate  the  horrors  of  «ar  dnring 
the  exhibition  of  tbe  siege  of  Delhi. 
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The  best  Tortn  of  oxjlijdn^en,  or  limeliftbt  for  tbe  magio  lontera  is 
■mdoabtedlf  that  known  as  the  "mixed  jet"  In  which  the  two  rases 
lie  combined  just  before  thej  are  projected  upon  the  cjliader  of  lime. 


The  two  gases  must  in  this  instance  be  under  eqatl  pressure,  and  a 
most  icgenioiu  form  of  double  pressure  board  hu  been  derised  hj 
Ur,  Maiden  to  attun  this  eod  To  inexperienced  hands  however,  the 
mixed  jet  has  an  element  of  danf^r  in  its  use  which  it  is  as  well  to 
avoid.  If  the  pressure  upon  one  bag  become  bj  an;  accident  reduced, 
the  othff  gas  is  fonied  into  it,  and  a  most  dangerons  explosion  mny 
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ensue.    The  difficulty  is  altogether  obviated  by  using  the  blow-throng 
jet,  shown  at  Fig.  331.    If  ordinary  care  be  used,  thb  form  of  jet  u 


Fig.  331. 


absolutely  safe,  for  the  two  gases  do  not  make  acquaintance  until  they 
meet  at  the  lime  cylinder.  This  cylinder  is  placed  upon  the  upright 
wire  which  passes  through  a  hole  in  its  centre.  A  miOed  screw  at  the 
back  communicates  by  a  spiral  spring,  with  a  little  metallic  disc  upon 
which  the  lime  rests.  A  half  turn  of  this  screw  will  expose  a  fresh 
part  of  the  cylinder  to  the  flame  when  necessary.  Ordinaiy  house  gaa» 
(carburetted  hydrogen)  is  used  with  this  burner,  and  it  is  supplied 
direct  to  the  lantern  by  means  of  an  indiarubber  tube  from  the  nearest 
gas  bracket  or  chandelier.  The  oxygen  alone  is  under  pressure,  and 
this  may  be  supplied  from  a  bag  between  weighted  pressure  boards,  from 
a  charged  iron  bottle,  or  it  can  be  generated  as  it  is  wanted  in  the  way 
to  be  presently  described. 

Fernaps  the  most  convenient  way  to  obtain  oxygen  ready  made  (it  is 
hardly  worth  while  to  maJce  it  at  nome,  but  if  this  be  preferred  the 
operation  is  described  in  a  former  page)  is  to  buy  it  compressed  in  an 
iron  cylinder  (see  Fig.  332).    For  a  long  time  nitrous  oxiae,  for  the  use 


Fig.  S32.    Orchftrd't  gas  bottle. 

of  dentists,  has  been  supplied  in  this  manner.  Mr.  Orchard,  of  100,  High 
Street,  Kensington,  has  turned  his  attention  to  the  manufacture  of 
gases,  and  supplies  oxygen  for  lantern  work  in  such  a  compressed 
state,  that  15  feet  of  gas  are  contained  in  a  bottle  little  more  than  two 
feet  long,  and  Ave  inches  in  diameter.  This  quantity  will  serve  for  two 
evening  s  entertainment.  An  indiarubber  tube  is  connected  with  the 
.  nozzle  of  the  bottle,  the  other  end  being  forced  over  the  oxygen  supply 
pipe  of  the  lantern.  A  key  is  then  inserted  in  an  orifice  in  the  side  (h 
the  nczzle,  a  half  turn  of  which  will  cause  the  gas  to  steadily  flow  out 
Care  must  be  taken  to  leave  the  jet  tap  open,  and  to  regulate  the 
supply  from  the  bottle  itself,  or  the  connecting  tube  may  burst  from  the 
gas  confined  within  it.  As  the  pressure  is  gradually  reduced  by  con- 
sumption of  gas,  it  will  be  necessary  to  turn  the  key  a  little  more  onoe 
or  twice  during  an  exhibition.  This  mode  of  using  oxygen  gas  is  most 
conveuient  a&  well  as  economical,  for  it  is  supplied  at  a  very  cheap  r&t& 
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The  method  of  f^Britini;  the  gu  u  reqniied  is  the  deTioe  of  Ux. 
Cludwiok.    The  rdort  need  fFig.  333J  it  of  Terj  ingenioiu  ooiutrac- 

tion.  In  the  orifice  on  the  right  hand  eide  is  placed  a  Buuen  burner, 
which  heata  a  plate  of  iron  aboTe.  Upon  tbii  plate  is  placed  a  monlded 
cake  of  oijgen  niitnre  {foar  parts  of  chlonte  of  potuh  to  one  of  man- 
ganesa).  Aa  the  gas  is  generated,  it  is  passed  off  dt  the  pipe  aboTCtoa 
ns-holdcr.  Shoald  this  outlet  pipe  by  an;  means  beconB  stopped  up, 
the  lid  of  the  retort  hong  apon  spiral  apria^,  seeu  at  the  side,  rises  bj 
the  pressure  of  the  gas,  and  thus  all  risk  of  explosion  ia  obTiated. 


Fig.  331. 


Tig.xa. 

The   next  illnatntion  (Fig.  334) 
represents  a  sciopticon  filled  to  the  ^ 
top  of  a  ^-holder,  which  can  be  \ 
snppliedwitb  oijgeninthewBj just    ^ 
described.  \ 

A  form  of  Ump  for  using  iacan- 
deaceiit  lime  without  oxjgen,  except 
that  supplied  b;  atmospheric  air,  has 

been  introduced  by  Mr.  Woodborj  (see  Fig.  335),  In  this  lamp  com- 
mon house  gas  is  ated  and  fulfils  a  double  office.  Lt  the  top  is  k  targe 
£ansea  burner  which  heats  a  coil  of  pipe,  which  finds  its  outlet  in  the 
larger  pipe  which  projects  above  a  disc  of  hme.  The  other  end  of  ibe 
coiled  pipe  is  attached  to  a  foot  bellows.  The  air  from  this  source 
therefore  gets  inteniel;  heated  before  projecting  a  blowpipe  fiame  upon 
the  lime.  The  light  giten,  while  not  so  blight  as  the  oijh^dtogen 
flaine,is  beaatifnilj  wbite.and  one  cannot  help  thinking  that  a  modificatioa 
of  the  arrangement  would  be  most  osefol  in  manj  other  fields.    The 
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Butfneunm  lamp  has  also  beeu  auggeaUd  for  UuUrn  irotk,  but,  •lUionf[tL 
it  giTCB  a  mBgmfioent  light,  there  are  one  or  two  great  objeetians  to  its 
vac  It  ii  not  onlj  eipenaiTe,  but  the  fames  ^iven  oS  reqoiie  an 
outlet  pipe  to  the  open  ur.  It  is  occasionallj 
Dsed  b;  photographer  vhere  a  bright  lig^t  u 
^  now  and  then  required  for  enlarging  pictures. 
|f  I  ma;  here  mention  that  the  sciopticon  oil 
I  lamp  fidfila  this  hut  oGce  admirahtj. 

n.  Tie  Oxy-Hfdroffe*  Microteope. 

The  oijb;drogen  microsoope  ia  one  of  the 

most  instructive,  as  well  ai  enlBrtainlDK  instm- 

ts  which  bos  jet  been  added  to  toe  ei^i*- 

ies  of  the  lintem.     It  introduces  us  to  a 

I  worldofwoadersBDdfairjrorinttbataltagetha 

'  surpass  the  greatest  efforts  of  the  imagiutioi. 

Indeed  the  old  saving  that  "Truthia  strasger 

than  fiction"  receiies  here  a  slarUing  oonfirma- 

tioD.  The  instrument  i>  DOW  to  be  had  in  a  moit 

convenient  form  (see  Fig.  336).    It  cm  be 

Fig,3SL  readil;  screwed  on  to  tiiB  lantern  in  plan  t£ 

the  usual  lens,  and  it  bi>  an  openiag  aiion 

thraiigh  which  microscopio  slides,  or  a  lire  tank  can  be  admitted  bg 

pTDJeotion  upon  the  soceen. 


Fig,  338,    Browning!  new  UDtonmlaroKope-] 

The  pleasure  in  nsiog  this  instroment  is  mach  enhanced  bj  tlie  oob- 
aideratiou  that  the  objects  it  showscan  be  collected  and  prepved  bjths 
operator  himself,  on  occupation  which  will  afford  him  man;  a  pleasant 
ramble  over  bill  and  dale.  There  is  no  difficult;  in  finding  subject*  te 
examination,  the  difficulty  Iji^E  rather  in  deddiog  which  to  seleot  from 
suchaniuseamof  coriosities  as  everjtbingiD  Nature  affords.  TbeamBnl. 
Teeetable,  and  mineral  kingdoms  are  all  open  to  sneh  investigations, 
and  the  more  we  come  to  examine  tbem  in  detail  b;  means  of  the 
micrOKope,  the  more  shall  we  wonder  at  the  inexhau^tive  beant;  of 
their  ininute  oompoaent  parts. 

Should  the  inquirer  bto  Nature's  Eecreti  wisb  to  begin  npon  Ikring 
things,  be  bss  merel;  to  visit  tbe  nearest  pond,  and  fiab  for  BpecimeBB. 
A  botUe  with  a  piece  of  string  attached  to  its  neck  is  all  the  fiahiu 
tackle  he  requires.  This  battle  held  upside  down  is  oai«fall;  iMKtoi 
towards  the  uDsuspecting  insect  whose  capture  is  desired,  it  is  (han 
tuned  a  little  on  one  side,  the  water  flows  in,  ud  vUh  it  the  jronwr- 
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In  this  waj  rotifers  and  many  other  interesting  creatures  can  be  readily 
secnredy  the  speoimens  as  they  are  captured  being  put  into  a  reserve 
bottle. 

The  mud  from  the  bottom  of  any  pool  will  also  furnish  abundant 
material  for  the  microscope.  A  small  portion  of  this  mud  should  be 
placed  in  a  test  tube  and  covered  with  nitric  acid  with  extreme  care-* 
lor  the  acid  is  fearfully  corrosive  and  gives  off  deleterious  fumes — 
aud  be  boiled  over  a  spirit  lamp  for  some  minutes  and  allowed  to 
settle.  The  liquid  is  carefully  poured  off,  and  a  second  dose  of  nitric 
acid  applied  and  treated  as  before.  The  residue  is  then  carefully  washed, 
and  some  of  it  examined  under  a  microscope.  It  will  be  found  to  con- 
tain innumerable  flinty  skeletons  of  former  inhabitants  of  the  pond. .  The 
best  of  these  can  be  mounted  in  Canada  balsam  and  used  as  ordinary 
slides.  Wings  of  flies,  butterflies,  and  moths,  wing-cases  of  beetles, 
scales  of  fishes,  and  host  of  other  things  will  also  furnish  beautiful 
subjects  for  examination. 

In  the  vegetable  kingdom,  the  leases  and  petals  of  flowers,  ferns,  and 
mosses,  furnish  inexhaustible  subjects  for  study.  Sections  of  different 
kinds  of  wood,  cut  with  or  across  the  grain,  are  also  most  interesting 
objects. 

The  limits  of  this  work  will  only  allow  me  to  briefly  refer  to  the 
capabilities  of  the  microscope,  bat  those  who  would  wish  to  learn  more 
about  the  matter,  and  to  gain  a  knowledge  regarding  the  preparation  of 
objects,  cannot  do  better  than  consult  the  admirable  little  manual  by  the 
Hev.  J.  Q.  Wood,  "  Common  Objects  of  the  Microscope."  Although 
this  book  deals  only  with  the  more  usual  form  of  instrument,  the  greater 
part  of  the  information  which  it  oontairis  can  be  well  applied  to  the  oxy- 
hydrogen  microscope. 

IIL   The  Choreutoscope, 

This  instrument  the  invention  of  Mr.  John  Beale,  of  Greenwich,  is 
one  of  the  most  ingenious  and  diverting  adjuncts  to  the  lantern  which 
has  ever  been  devised.  Like  the  thaumatrope,  it  is  dependent  for  its 
effect  upon  the  duration  of  impressions  of  light  upon  the  retina.  It 
consists  of  a  slide  upon  which  is  depicted  a  figure  in  six  or  eight  different 
positions.  This  sliae  is  held  in  a  metal  frame,  and  by  the  motion  of  a 
nandle  the  various  figures  painted  upon  it  are  brought  opposite  an 
opening  which  corresponds  with  the  lens  orifice  of  the  lantern.  By  a 
ctever  contrivance,  a  little  shutter  falls  in  front  of  this  opening  between 
the  exhibition  of  every  successive  figure,  and  when  the  instrument  is 
properly  worked  the  various  figures  appear  upon  the  screen  in  suchquick 
succesjBion  that  they  present  tne  appearance  of  a  single  being  endowed 
with  endless  motion.  One  of  the  best  designs  for  the  chorcutoscope  is 
a  skeleton,  not  painted  upon  glass,  but  cut  out  stencil  fashion  from  a 
sheet  of  thin  brass.  By  this  means  the  whole  of  the  light  from  the 
lantern  is  carried  through  the  perforations  to  the  disc,  and  a  wonderfully 
brilliant  image  is  the  result.  The  annexed  illustrations  have  been  copied 
direct  from  the  stencil  figures  in  my  possession,  so  that  they  represent 
the  exact  size  of  thos»  actually  used.    I  need  hardly  say  tbat  they  do 
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not  pretend  to  be  anatomicallj  correct,  but  *n  merelj  conTentimal 
repretentatious  of  ■  ikeleton.  Thej  iiitwer  their  parpoM  admirKblj, 
•nd  tbe  rosrs  of  liughter  vhich  their  appeuance  alwsja  calls  forth  miut 
be  heard  to  be  appreciated. 


tir.  Beale  it  also  the  inTCntor  at  another  quaint  conoeit  for  the  laatcm 
which  mnst  not  past  unnoticed,  and  vhicli  he  has  chrutened  "Hie 
Binker."     As  its  name  impUei  it  oonsiata  of  a  skating  flgun;  vhkfa  ii 


•0  contriTed  that  it  throws  its  anns  and  legs  about,  and  t«mbl«dowB 
in  the  moet  amosing  maimer.    This  figure  ii  oat  out  (^  tiun  bbUI, 
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haying  at  its  upper  part  grooves  into  which  a  piece  of  glass  is  inserted. 
Upon  this  slip  of  glass  is  painted  the  face  and  shirt  front.  The  annexed 
cut  will  explain  toe  manner  in  whicii  the  various  parts  are  jointed 
together,  the  levers  shown  at  the  left-hand  side  giving  the  figure 
apparent  life.  The  arrangement  is  backed  by  a  glass  slide  upon  which 
is  painted  a  wintrj  landscape,  and  the  effect  when  seen  upon  the  disc  is 
very  comical. 


— ^ 1 
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Fig.  889.   B0ale^i  Binktf. 

lY.  The  Opaque  Laniem, 

A  great  many  attempts  have  been  made,  with  more  or  less  success,  to 
cast  tne  image  of  opaque  objects  upon  the  screen.  The  first  instrument 
devised  for  this  purpose  was  Chadbum's  lantern,  in  which  the  light  from 
the  condenser  was  concentrated  upon  the  object,  the  objective  bein^ 
placed  at  such  an  angle  as  to  magmfy  the  image  upon  the  screen.  It  is 
usual  with  this  form  of  lantern  to  use  a  large  jet,  for  the  amount  of  light 
lost  in  transmission  is  considerable.  Such  a  lantern  has  louff  been  used 
at  the  Polytechnic,  and  some  very  curious  effects  are  proonced  by  it. 
The  moving  works  of  a  watch  appear  on  the  screen  in  Brobdin^agian 
proportions.  A  squeezed  lemon  also  forms  a  favourite  subject  for 
exhibition.  As  the  cells  burst  under  the  pressure  applied  to  them,  the 
pips  and  juice  are  forced  out,  and  fly  upwards,  for  ot  course  in  this  in* 
strument  everything  is  reversed. 

A  modification  of  this  lantern  has  also  been  used  with  success  under 
the  name  of  the  Fhysioscope,  in  which  the  inversion  of  the  image  is 
corrected.  This  apparatus  is  large  enough  to  admit  the  human  lace, 
and  the  same  msgnified  to  colosud  size  is  seen  upon  the  screen.  The 
effect  of  this  immense  countenance  winking  and  blinking  at  the  audience 
was  alwaj[s  productive  of  considerable  amusement.  The  exhibition 
usually  finished  with  the  ima^  drinking  off  a  glass  of  wine.  This  was 
not  only  relished  by  the  audience,  but  also  hj  the  unfortunate  being 
who  had  been  for  some  minutes  exposing  his  features  to  the  fierce  hew 
of  two  large  limelights. 
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A  iQoent- adaptation  of  the  opaque  lantern  to  fit  <m  an  ocdmair 
lantern,  or  better  still  to  a  pair  of  lanterns,  has  recently  been  introduoea 
under  the  name  of  the  "Aphengescope."  With  this  all  the  effects 
named  in  connection  with  Gnad bum's  lantern  can  be  obtained,  carte 
de  Yisite  of  friends  or  public  characters  being  shovni  bj  it  to  grot 
adTantage.  Collections  of  coins  or  medals  are  peculiarly  well  ad^ted 
for  exhibition,  for  their  bright  surfaces  and  points  of  relief  cat<^  the 
rays  of  light  with  a  very  pleasing  effect  upon  the  screen. 

According  to  a  New  York  paper  of  recent  date  our  American  friends 
have  lately  discovered  a  new  use  for  the  opaque  lantern.  "  During  the 
recent  tnal  of  the  Whittaker  will  case  in  Philadelphia,  it  became 
necessary  to  show  the  differences  between  a  genuine  signature  and  an 
imitation  or  forgery  of  the  same.  For  this  purpose  Dr.  Chu'les  M.Cresson 
brought  into  court  a  powerful  reflecting  magic  lantern.  The  room  was 
darkened,  and  images  of  the  two  signatures,  enormousW  magnified,  were 
thrown  side  by  side  upon  a  screen  before  the  judge  and  jury.  The  false 
signature  was  at  ouce  revealed.  In  the  ordinary  ma^ic  lantern  the 
object  to  be  thrown  on  the  screen  is  photographed  or  painted  on  a  slide 
of  glass,  and  the  light  passes  througn  the  slide  to  the  screen ;  in  the 
reflecting  (or  opaque)  lantern  the  light  is  thrown  against  the  face  of  the 
object  itself,  and  as  the  reflected  rays  from  the  object  appear  on  the 
screen,  a  stronger  light  is  required  for  the  opaque  lantern  than  for  the 
ordinary  instrument.  In  the  present  case  the  illumination  of  the 
writing  was  effected  by  means  of  two  powerful  limelights  contained 
within  the  lantern." 

"The  peculiar  arrangement  of  the  lights  and  screen  enables  the 
examiner  to  discover  the  surface  of  the  paper  through  the  ink,  so  that 
patching  or  shading  or  painting  of  letters  becomes  evident  the  inatant 
it  is  brought  under  the  focus  ofthe  lantern.  An  arran^ment  of  screens, 
by  which  the  light  is  cut  off  alternately  from  either  side  of  the  instra- 
;nent,  discovers  any  tampering  with  the  surface  of  the  paper,  either  fay 
scratching  or  washing  by  chemicals.  The  instrument  is  of  sufficient 
capacity  to  view  at  once  two  bank  notes  placed  side  by  side,  and  the 
pictures  are  of  such  fineness  that  the  image  is  produced  without  ooloor 
mm  chromatic  aberration,  or  distortion  from  spherical  aberration." 

I  need  hardly  point  out  that  this  useful  field  for  the  opaque  lantern 
is  capable  of  great  extension.  It  will  not  only  act  as  a  check  upon 
fraudulent  documents,  but  will  perhaps  act  as  a  stimulus  to  those 
people  who  endeavour  to  shirk  the  duty  of  serving  upon  juries.  Suely 
no  one  could  refuse  to  act  when  there  is  the  prospect  of  a  "  lantern 
show"  before  him ! 

y.  LafUem  ExperimenU, 

There  are  some  experiments  both  in  chemistry  and  physics  which  caa 
perhaps  be  better  seen  by  means  of  the  lantern  than  in  any  other  way. 
indeed,  the  number  of  delightful  experimenta  that  can  be  performed  m 
miniature  but  shown  largely  magnified  upon  the  screen  is  very  great. 
Thus,  suppose  we  take  magnetism  to  begin  with.    Take  a  piece  of  thin 
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glass,  the  size  to  fit  the  slide  holder,  and  vover  it  with  a  solution  of 
common  gum.  When  perfectly  dry,  place  it  above  the  poles  of  an 
ordinary  sixpenny  horseshoe  mas^net,  so  that  the  ends  of  the  magnet 
are  jost  under  its  centre.  Now  from  a  fine  muslin  bag  scatter  upon  the 
glass  iron  filings.  Tap  the  glass  gently  with  the  finger,  and  the  parti- 
cles of  iron  will  assume  definite  positions,  showing  most  beautifullr  the 
magnetic  curves.  Upon  breathing  upon  the  glass,  the  gum  will  be  so 
softened  as  to  cause  the  filings  to  retain  their  position  when  placed 
vertically  in  the  lantern,  and  the  curves  in  all  their  beauty  wiU  appear 
greatly  magnified  upon  the  screen. 

By  another  arrangement  we  can  show  the  electro-magnet  upon  the 
screen.    The  slide  for  this  is  shown  in  Fig.  340.    It  consists  of  a 
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Flff.  840.    Lantern  slide  to  ihow  eflbeto  of  magnetism. 

wooden  frame  to  which  is  fastened  a  piece  of  soft  iron,  bent  so  that  its 
ends  nearly  approach  one  another.  Several  thicknesses  of  covered 
copper  wire  are  wound  round  each  end,  their  extremities  being  carried 
outside  the  frame  for  ready  attachment  to  a  small  bichromate  battery 
cell.  At  the  top  is  a  hole  through  both  frame  and  iron,  through 
which  the  various  metals,  &o.,  under  examination  can  be  introduced 
between  the  magnetic  poles.  Having  focussed  the  image  of  the 
magnet  sharply  upon  the  screen,  we  can  scatter  filing;s  through  the 
hole,  when  we  shall  obtain  much  the  same  result  as  in  the  previous 
experiment.  Or  we  may  fasten  small  discs  of  different  metals  to  fila- 
ments of  silk,  and  watch  the  effect  of  the  magnet  upon  them.  Thns 
iron  will  assume  a  different  position  to  a  disc  of  copper,  or  bismuth, 
the  former  being  a  magnetic  substance,  and  the  two  latter  diamagnetic. 
The  decomposition  of  water  by  the  electric  current  is  also  an  effective 
experiment  for  the  lantern.  For  this  as  well  as  for  several  chemical 
.experiments  which  I  shall  presently  describe,  a  water-tii^ht  glass  cell 
is  necessary.     A  very  bgenious  cell  has  recently  been  devised   by 
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Mr.  Smith  of  the  Sciopticon  Compuj,  (lee  Fig.  341).    It  oonuita  of  a 

nkaboguij  frame,  inserted  into  the  ronra  opening  of  which  ks  two 

glaaa  pUta,  Mpanted  by  a  pioos 

of  tea  indiarobW  tubiiig.    Hie 

k  preunre  of  the  glui  turfMC* 

Elnit  thefleiible  rubber  inakM 
cell  peifectljwktet-tightiud 
I  the  eue  with  vhioh  the  gluMi 
can  be  remored,  cleanea,  ud 
replaced  in  a  few  Becoadi,  nukea 
I  thit  a  most  useful  piece  of  ap- 
Tig.Ml.  OwmiMUuk.  paratna.    For  ahowing  the  de- 

compoaitioD  of  water  this  tank 
will  nquice  an  adjunct  which  can  euilj  be  coustnioted.  Take  a  pieoe  «( 
mahoganj  which  willjust  fit  between  Uie  glasses,  and  which  is  the  same 
width  as  the  tank.  Bore  two  hales  in  its  centre  about  one  inofa  aaart. 
These  holes  are  for  the  reception  of  copper  wires,  to  the  ends  of  which 
fueces  of  platinani  foil  must  be  aoidered.  The  wood  should  be  soaked 
m  melted  parafin,  so  that  it  niaj  resist  the  action  of  the  addnlated 
water  with  which  the  tank  is  afterwards  filled.  The  wires  also  coated 
with  parafin  are  carried  outside  the  lantern  to  a  battery,  two  Gitma' 
or  Bunsen's  being  sufficient.  When  connection  is  made,  bubbles  of 
oxygen  will  appear  at  one  pole,  and  hjdrt^n  at  the  other.  Hie 
^)paratus  maj  be  made  still  more  complete  b^  crowning  the  electrodes 
with  small  test  tabes  in  which  the  gesee  will  collect,  that  deroted 
to  the  hydrogen  filling  with  eas  at  double  the  rate  of  the  oxygs 
tnbe,  thoa  proring  the  truth  of  tne  chemical  symbol  for  wal«T  H,0. 

The  formation  of  hydrogen  alone,  can  be  shown  by  droppbg  a  few 
I»eoes  of  granulated  sine  to  the  bottom  of  the  tank  when  filled  with 
acidulated  water  (>.«.,  water  soured  by  snlphnric  acid).  Or  shonld  we 
wish  to  obtain  carbonic  acid,  wa  can  readily  do  so  by  repIaciDg  the 
■ulphuric  by  a  dilate  solution  of  hydrochlonc  acid,  uid  dropping  ni 
pieces  of  lime  instead  of  zinc. 


Capitlsiy  attraction  is  well  shown  by  the  slides  shown  at  Figs.  Zii 
ud  843.    Jo  Fig.  342  a  series  of  glass  tubes  of  different  diureler  are 
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suspended  aboTe  the  water,  when  the  liquid — which  should  be  coloured 
or  oarkened  with  ink — will  attain  different  levels  in  the  different  tubes. 
In  Fig.  343,  two  slanting  glass-plates  are  adjusted,  and  the  water  rises 
between  them  in  a  regular  curve. 

For  manj  of  the  chemical  experiments  pipettes  furnished  with  an 
indiarubber  ball,  will  be  fouma  useful  ii  not  indispensable.  (See 
Fig.  344.) 


Fig.  SM.    Pipette  for  ehemieal  experimentf. 

1 .  Fill  the  tank  with  a  solution  of  sulphate  of  iron,  then  add  to  it  by 
means  of  tbe  pipette  a  solution  of  prussiate  of  potash  for  the  formation 
of  prussianblue. 

i.  To  a  weak  solution  of  sulphate  of  copper,  add  a  few  drops  of  strong 
Ammonia — ^beautiful  blue  douos  will  become  apparent  on  the  screen. 

3.  Sulphate  of  iron  on  the  addition  of  gaUic  acid  will  give  dense 
olouds  ofink. 

4.  Into  an  infusion  of  red  cabbage  drop  some  alum :  it  will  change 
the  colour  to  purple.  A  solution  of  potash  will  turn  it  green,  and 
muriatic  acid  crimson.  By  dropping  the  three  solutions  into  different 
parts  of  the  tank,  the  three  colours  will  appear  at  the  same  time. 

6.  A  solution  of  salt  dropped  into  one  of  nitrate  of  silver  will  show 
the  formation  of  insoluble  chloride. 

This  last  experiment  might  well  form  the  first  of  a  series  illustrating 
the  art  of  photography.  Thus  a  plate  can  be  coated  with  collodion 
emulsion,  aried  and  exposed  under  a  negative  to  a  gaslight  for  a  few 
seconds,  and  developea  in  the  class  cell.  To  do  this  the  cell  must 
have  a  piece  of  ruby  glass  inserted  between  it  and  the  light.  It  is  now 
filled  with  the  alkaline  developer  (see  article  on  Photoeraphv)  when  the 
details  of  the  picture  will  be  gradually  formed  on  the  plate  placed  within 
it.  The  process  is  completed  by  fillinjg  the  tank  with  a  solution  of 
hyposulphite  of  soda,  to  dear  and  fix  the  image.  In  this  last  operation  the 
ruby  glass  can  be  omitted,  for  the  plate  is  no  longer  sensitive  to  light 
after  aevdopment.  The  photograph  so  taken  can  afterwards  be  mounted 
and  used  as  an  ordinary  slide.  In  mounting  a  slide,  a  piece  of  thin  class 
must  be  placed  in  front  of  the  film,  with  a  paper  mask  between  them, 
'iliis  mask  is  usually  cut  out  of  black  paper,  ana  may  be  round,  cushion- 
shaped,  or  square  m  outline.  The  best  and  quickest  way  to  cut  any 
number  is  to  use  a  brass  pattern,  to  place  the  black  paper  beneath  it, 
and  then  cut  the  paper  with  the  ingenious 
little  tool  shown  at  Fig.  346,  which  is 
supplied  by  the  Sciopticon  Company  for 
that  purpose.    The  slide  is  completed  by  Fig.  346. 

being  bound  round  with  a  strip  of  needle  paper,  which  holds  the  two  glasses 
together,  and  protects  the  picture  from  tnat  enemyof  the  lantemist— dust. 
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The  formatita  of  ice  floirerj  cm  be  bnntifoll;  seen  bj  instrtiog  i 
thiD  slab  of  ice  into  the  slide  aperture,  wbea.  the  effect  ii  obsembk  ■> 
the  ice  slowly  melta  under  the  heat  from  the  condensers. 

Bj  filling  the  tank  with  cnetLjlaled  olcobol  and  addJng  •  few  dropt  of 
Judson's  djes  gf  different  colours,  some  very  fine  effects  can  be  obl«med. 

Slips  of  glass  brusbed  over  with  solutions  of  different  salts  in  gum 
water,  will  apeediiv  crystallize ;  and  the  varying  forms  of  different 
crystals  cao  be  veil  studied  by  this  means,  ^-ammoniac  jielda  very 
fine  results  when  treated  in  this  way.  And  a  solntion  of  n/e*  in 
alcohol  will  show  crystals  of  a  totally  aifferent  kind.  I  meielj  mentian 
these  two  u  being  good  specimeDS  to  contrast  with  one  another. 

Another  experiment  1  borrow  from  an  exceUeat  little  nianoal 
called  "  Science  at  Home,"  by  Mr.  Woodbury.  He  says  "  Caai  »  piece 
of  glass  with  a  strong  solution  of  chloride  of  cobalt,  to  which  a  little 
gelatine  has  been  added.  When  dry,  introduce  this  with  an  ordinaij 
photi^raphic  slide;  at  first  the  effect  will  be  to  give  a  rosy  tint  to  the 
view,  which,  as  the  cobalt  becomes  thoroughly  desiocaled  by  the 
warmth  from  the  lantern,  will  gradually  chaoge  to  a  bright  blue.  On 
again  placing  in  a  damp  place,  the  slide  will  assame  ita  normal  pink 
state,  and  may  be  used  o<rer  tad  orer  again.  This  experiment  may  he 
varied  by  painting  a  picture  on  glass  with  a  soltttioQ  of  cobalt  and  gnm, 
which  from  a  pii:k  will  change  to  a  bluej  or  by  using  a  much  wuker 
solatioo  the  picture  will  be  invisible,  but  on  warming  gradnally,  will 
develop  itself  on  the  screen.  Other  chemicals  will  show  a  similar 
action,  bat  cobalt  is  the  most  effective." 

I  may  well  conclude  tUa  chapter  with  a  few  words  leipecting  the 
colonring  of  magic  lantern  alidea.    Most  amateur  efforts  in  this  Ime  of 
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art  are  attended  with  utter  faihre,  the  reason  being  that  too  much  is 
attempted.  It  is  quite  certain  Ihst  he  who  cannot  produce  a  satis- 
factory tesult  upon  paper,  need  not  hope  for  success  in  working  upon 
the  smooth  eurlace  of  a  glass  plale.  The  resulting  picture  has  more- 
over to  be  reproduced  npon  the  screen  so  magnified  that  every  defect  is 
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exaggerated.  A  speck  of  dnat  or  a  hair  from  the  puntbrofih  is  quite 
enough  to  spoil  a  sky,  and  unless  the  greatest  care  is  ezerciBed  such 
accidents  are  freauent.  Although  few  are  able  to  originate  a  picture, 
there  are  many  unio  can  tint  a  photograph  satisfactorily.  I  use  the 
word  tint  advisedly,  for  a  photograph  loses  its  beauty  by  any  approach 
to  full  colouring.  Water  colours  may  be  used,  but  they  are  somewhat 
difficult  of  manipulation.  I  have  found  Messrs.  £amard*8  varnish 
colours,  which  are  made  for  the  purpose,  to  answer  all  requirements. 
?ull  instructions  are  issued  with  each  box  of  colours,  and  to  these  I 
must  refer  any  aspirant  to  artistic  honours. 

• 

YI.  ne  Decompqsiiion  of  Light— ^  Us  Anafysis  and  Synihaiu." 

It  is  in  the  Italian  language  that  the  bride,  the  emblem  of  purity,  is 
called  Lucia  (Lua,  light) ;  and  sureW  if  an  illustration  were  required  of 
beauty  and  singleness ,  light  would  be  named 
poetically  as  appropriate;  but  pbysicallv  it  is 
not  of  a  single  nature,  it  is  composite,  and  made 
up  of  seven  colours.  The  instrument  required 
to  refract  a  ray  of  light  sufficiently  to  break  it 
into  its  elementary  colours  is  called  the  prism, 
and  IB  a  solid  having  two  plane  surfaces,  called 
its  refracting  surfaces,  with  a  base  equally  in- 
clined to  them.    (Fig.  347.)  _ . 

It  was  in  1672  that  Sir  Isaac  Newton  made  ^^  ^^  Thewinn  The 
his  celebrated  analysis  of  light,  by  receiving  basefia.  is  equidfiiDdiiied  to 
a  sunbeam  (as  it  passed  through  a  hole  in  a  the  refracting  8arflu!e8,cA,oB. 
shutter)  on  to  the  refracting  surface  of  a 
prism,  and  throwing  the  image  or  spectrum  on  to  a  screen,  where  he 
observed  the  seven  colours,  red.  orange,  yellow,  green,  blue,  indigo,  and 
violet,  and  thus  proved  **iAai  there  are  different  speeiee  of  lighi,  and  that 
each  species  is  disposed  both  to  smffer  a  different  degree  ofrefrangibilitg  in 
passing  out  of  one  medium  into  another^  end  to  excite  in  us  the  idea  of  a 
different  colour  from  the  rest;  and  that  bodies  appear  of  that  colour  which 
arisee  from  the  composition  of  those  colours  the  several  species  they  reflect 
we  disposed  to  excite," 

Sk  Isaac  Newton's  name  would  have  been  immortalized  by  this  dis- 
covery alone,  even  if  he  had  not  possessed  that  transcendent  ability 
which'  raised  him  above  all  other  mathematicians  and  physicists. 
It  is  at  the  same  time  interesting  to  know  that  the  ancient  author 
Claudian  (a  d.  420)  inquires  "whether  colour  real! v  belongs  to  the  sub- 
stances themselves^  or  whether  by  the  reflection  of  light  they  cheat  the 
eye— enquires  sitve  color  proprius  rerum  lueisne  repulsa  eludant  aciem." 

Sir  Isaac  Newton  determined  that  the  spectrum  could  be  divided 
into  360  equal  parts,  of  which  red  oocupiea  45,  orange  27,  yellow  48, 

Sen  60,  blue  60,  indiffo  40,  violet  80.    He  alMi  discovered  that  if  the 
hly  refracted  rays,  the  seven  colours,  or  soectrum  were  received  into 
a  concave  mirror  or  a  double-convex  lens,  tnat  they  again  united  and 
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formed  white  light.    In  order  to  demonstrate  the  properties  of  tlie 
prism  in  yarions  positions,  the  next  diagram  may  be  addaoecL  (Fig.  S48.} 


Fig.  S4S.  A.  Theny  of  light  paailng  Ummgli  two  prinni  b  pkoed  baw  to  baie.  la 
this  petition  tlie  light  dmms  through  to  the  leoond  prism,  c,  without  wXUntkm.  At  e 
the  decompoeition  of  liKht  oocars,  and  the  epectram  it  shown  at »  b.  The  toi 
■t  B  need  linglj  would  reflect  the  rsy  to  b  wiwoot  deoompoaing  it  into  the 


The  rainbow  is  the  most  beantifnl  natural  optical  phenomenon  with 
which  we  are  acquainted ;  it  is  onlj  seen  in  rainj  weatner  when  the  son 
illuminates  the  falling  rain,  and  the  spectator  has  the  sun  at  his  back. 
There  are  frequently  two  bows  seen,  the  interior  and  exterior  bov,  or 
the  primary  and  secondary,  and  even  within  the  primary  rainbow,  and 
in  contact  with  it,  and  outside  the  seoondary  one,  there  haye  been  seen 
other  bows  beyond  the  number  stated. 

The  primary  or  inner  rainbow  consists  of  seven  different  coloured 
bows,  and  is  usually  the  brightest,  being  formed  by  the  rays  of  light 
falling  on  the  upper  parts  of  the  drops  of  ram.  The  exterior  bow  is 
form^  by  the  rays  or  light  falling  on  the  lower  parts  of  the  drops  of 
rain ;  and.  in  both  cases  the  rays  of  light  under^  refraction  and  reflec- 
tion, hence  the  opinion  of  Aristotle,  that  the  rainbow  is  caused  only  by 
the  reflection  of  light,  is  not  correct. 

The  first  refradtion  occurs  when  the  rays  of  light  enter,  and  the 
second  when  they  emerge  from  the  spheroids  of  water  in  the  first  bow; 
the  refracted  ra^s  undergo  on\j  one  refiection,  whereas  in  the  second 
the  brilliancy  of  the  colours  is  impaired  by  two  reflections. 

The  spectrum  from  the  electric  light  is  one  of  the  most  gorgeous  ex* 
hibitions  of  colour  that  can  be  conceiyed ;  and  the  instruments  reqiuiied 
for  the  purpose  are  illustrated  in  Fig.  349. 
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On  tbo  left  of  the  woodcnt  is  seen  a  luitern  fumiahed  inaide  with  tn 
electric  Imp.  The  light  fTom  this  lantern  pus«s  through  a  narrow 
tin,  thence  through  a  lena  and  prism,  after  wnich  it  appean  upon  the 
icreen  placed  for  its  reception  as  a  band  or  ribbon  of  bnlliant  coloois. 
In  this  waj  is  repealed  the  Hperiment  whioh  Sir  laaao  Newton  flrat 
performed  more  than  two  hundred  years  ago. 


Pig.  S(8.    Appintiu  fur  ihooing  ipectnun  on  Krern. 

It  is  important  to  obserre  that  vhereas  the  great  philosopher  naed  a 
mere  bole  in  his  window-shutter  for  the  purpose,  a  narrow  slit  is  now 
emplojed.  Dr.  Wollaston  at  the  beginning  of  the  present  centurj  was 
the  first  to  Dse  this  slit  for  observing  the  appearanoe  of  the  spectrum, 
and  b;  doing  so  be  arrived  at  unexpected  results.  He  found,  bj  this 
SDbstitution  of  a  Darrow  aperture  for  a  round  one,  that  the  coloured 
ribbon  of  light  no  longer  showed  itself  as  a  continuous  nnhrokea  band, 
but  that  it  was  intersected  hj  mnumerahle  daik  lines,  for  which  he 
could  not  account.  Manr  other  scientists  tried  to  make  out  what  these 
lines  signiSed,  but  thej  aid  not  succeed  in  doing  so.  Fnaeuhofer,  an 
optician  of  Munich,  was  the  first  to  point  out  that  these  mysterioos 
lines  of  darkness  occupied  a  certain  fixed  position  in  the  spectrum.  He 
succeeded  in  mapping  them  to  the  nnraber  of  several  hundred,  and 
they  are  in  oonse^uenoe  known  as  "  Frauenhofer's  lines." 

Bj  means  of  improved  apparatus,  Bunten  and  Kirchhoff  in  1S60 
investigated  these  lines  of  Frauenhofer,  and  hj  their  researches  laid  the 
ibnndation  of  a  new  science  which  is  comprehended  in  the  term 
apeetmm  analysis. 

Herscbell  some  years  before  had  experimented  with  different  metals 
under  the  blowpipe,  and  liad  pointed  out  that  each  metal  gave  a  ohaiaC' 
teristic  tinge  of  colour  to  the  flame.  He  further  suggested  that  it 
might  be  possible  by  a  modification  of  the  means  employed  to  found  a 
new  method  of  analysis.  He  little  knew  how  well  his  words  would 
be  TeriGed. 

Bouen  and  his  co-worker  made  the  strange  disooveiy  by  means  oE 


3GG  sot's  pi^TBOox  or  aaaaoL 

Rwcul  ^wntng  ihat  bnraiiig  nwUU  gws  *  ■partnm  baring  brigU 
line*— «o  mw^  linea  [or  etti  meuL  The^  further  fonud  Hit  Umb 
bc^t  linn  had  Uteircoonterpirts  u  dvk  hnea  in  the  MUripeotnun  M 
nu^pod  rat  by  Fnuenhofer,  It  wu  erident  thta.  thit  Mue  «xt  of 
misterioDi  eonncctiaD  eiisted  between  the  metals  ignited  i*  the 
labonbHj  ud  the  dark  lioet  which  for  so  long  a  time  had  paired 
WoUaston  and  other  scienliato.     What  coolil  this  connection  mean  f 

The  question  was  not  anawered  until  lie  vapoun  of  some  boniii^ 
metats  vera  observed  through  the  prism,  when  it  woa  teen  that  what 
before  were  bright  lines,  wore  now  dark.  And  bo  the  law  came  to  be 
established  that  "  eapourt  of  metaU  at  a  lover  Umperaiare  mbmi  a- 
actlf  tkoie  rayi  tckick  tkej  emit  at  a  kiffitr."  To  simplifj  this  we  maj 
anppose  that  we  throw  a  piece  of  some  metal  into  a  furnace  and  imme- 
diately view  its  spectrum,  when  we  shall  see  the  bright  tines  pecnliai  to 
lliat  metal.  But  ou  looking  at  the  spectrum  of  ita  Tapoor  with  the 
Honlight  as  a  baokgroond,  we  shall  see  dark  tines  oulj,  but  these  will 
occupy  precisely  the  same  {xisitioii  as  the  bright  lines  we  before 
observed.  Here  then  the  philosopher  has  a  new  power  placed  in  htl 
hands,  and  one  so  manellwslj  seuu^Te,  that  the  presence  of  a  minnte 
particle  of  a  substanoe,  far  too  small  to  be  seon  b;  the  eye,  oan  be 
nadily  detected. 

Sir  Isuo  Newton's  primitive  arrangement  has  now  long  ago  girea 
place  to  the  woaderful  iuslrumeat  called  the  spectroscope,  which  m  it) 
aimpleit  form  is  shown  at  Tig.  3S0.    Heie  the  darkened  room  is  repce- 
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sented  b;  a  little  tube,  and  the  hole  in  the  wiadow.*bQtters  bj  the  tin; 
slit  seen  at  the  eai  of  it  This  miniatare  form  of  spedrosoi^  contaiia 
wlwt  is  known  as  a  eompound  direct-TisioB  prism.  This  is  pUoed 
in  a  sliding  drawer,  at  the  end  of  which  is  a  lens  to  magnif;  the  image 
of  the  slit  upon  the  retina,  of  the  eje.  The  openinfj  of  the  stit  is  id- 
jnstabla  b;  a  screw  motion,  a  Terj  nacessar;  ptoTision  io  the  oase  of 
HeUcate  examinations.  This  tittle  contrivance,  only  a  few  indiei  in 
length,  will  show  man;  of  Praoenhofer'a  tines — ths  Imght  tines  peooliat 
to  di^rent  metala  and  gases — u  well  as  i^Morptioo  bands  in  oohMred 
gases  or  liquids. 

In  using  this  instrnmeut  it  should  be  hnld  like  a  ^tjglata,  and 
directed  to  an;  source  of  light,  a  bright  gasflame  for  instancy  wit*  a 
oontinoons  speotrnm,  like  a  piece  cut  out  of  a  rainbow,  will  be  plainl; 
Men.    Bat  suppMing  that  wa  wish  to  obsarra  tha  bri^  linM  td  the 
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metals,  a  different  mode  o(  proceeding  most  be  observed.  (I  might 
ten  meutioa  that  it  ia  a  matter  of  great  eoureuieuoe  to  have  the  tube 
clipped  iato  some  kind  of  stand,  ao  that  tbe  bamia  are  at  libert;  to 
carr;  oat  neceaaar;  mauipulatioas).  A  spirit  lamp,  or  Bunaen  flame, 
muat  be  placed  opposite  the  sUt,  and  as  near  to  it  as  is  possible  vithont 
injun  to  the  instruioent.  A  piece  of  platiaiin  wire  must  now  be  pro- 
cured, and  bent  into  a  loop  at  one  end.  Into  this  loop  can  be  fused  a 
small  bead  of  the  aabstaaee  oc  metallic  salt  to  be  eiamined.  The  wire  ia 
now  supported  above  the  lamp,  so  that  the  bead  at  ita  end  ia  just  within 
tbe  front  ed^  of  the  flame,  opposite  the  alit  of  the  spectroscope.  If 
theqe  dlTcctiona  be  complied  with,  the  lines  due  to  the  aabstaaee  nndei 
examination  will  be  piainlj  seen  on  looking  through  the  eve-pieoe. 
Where  very  minute  portions  of  a  substance  are  onij  available,  it  is 
usual  to  dissolve  it,  arid  apply  a  drop  oF  tbe  soititjon  to  the  platinum  loop. 
Tbe  exceeding  delicacy  of  this  mode  of  analyais  ia  almost  beyond 
belief.  In  experiments  carried  on  at  the  Royal  Alint,  having  for  theii 
object  the  examination  of  different  mixtures  of  metal  for  coining  pur- 
poses, the  difference  of  one  ten- thousand  lb  part  in  an  alloy  vaa  made 
evident.  Bkwd  in  a  most  dilute  form  can  be  readily  recognised,  and 
there  ia  no  doubt  but  that  the  spectroscope  would  have  proved  a  useful 
detective  in  certain  criminal  investi^tioos  if  the  microscope  had  not 
already  furnished  readier  services  in  that  counectioD.  The  sodium 
linea  can  be  observed  In  the  inatrumeat  whca  a  solutbn  containing  not 
uoie  than  jtnlesb  °^  °  S"^  "^  sadium  is  employed. 


A  iiiiiber  class  of  spcctroscopn  ia  shown  )tt  Pig,  3SI.    On  the  left- 
bioul  tide  a  seen  tbo  dark  tube  with  the  slit  kt  il>  eod- 
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prisms  (the  use  of  which  gives  a  longer  spectrum  than  a  single  prism)^ 
and  on  the  right  a  telescope  to  magnifj  the  image.  In  using  this 
instrument  the  lamp  or  other  light  source  is  placed  opposite  the  slit^  a 
piece  of  black  cloth,  or  velvet,  being  thrown  over  the  prisms. 

The  apparatus  for  showing  spectra  on  a  screen  so  that  the  phenomena 
can  be  observed  by  a  number  of  persons  simultaneously,  is  identical  with 
that  shown  at  Ti^,  349,  page  365.  It  consists  of  an  electric  lantern 
furnished  with  a  slit,  in  lieu  of  condensers,  a  convex  lens  mounted  upon 
a  stand,  and  a  bottle  prism  filled  with  bisulphide  of  carbon.  The  sub- 
stance under  examination  is  placed  in  a  hollow  cup  formed  in  the  lower 
carbon  of  the  lamp,  and  is  thus  exposed  to  the  intense  heat  of  the 
voltaic  arc.  The  results  thus  obtained  cannot  approach  in  delicacy  the 
observations  which  can  be  made  by  the  forms  of  spectroscopes  previously 
described,  impurities  in  the  carbon  points,  as  well  as  the  bright  lines 
due  to  incandescent  carbon,  interfering  more  or  less  with  the  general 
result.  With  care,  however,  these  difficulties  can  be  partly  obviated, 
and  the  effects  produced,  if  not  perfect,  are  very  beautiful  and 
wonderful. 

In  using  this  apparatus  it  is  usual  to  place  the  different  substances 
under  examination  in  separate  crucibles,  which  so  revolve  upon  a  stand 
that  each  can  successively  be  brought  under  the  upper  carbon  of  the 
lamp.  By  this  means  the  audience  is  not  kept  waiting  between  each 
display.  By  burning  a  small  piece  of  sodium  in  an  iron  spoon,  inside 
the  lantern,  so  as  to  fill  it  with  vapour,  and  placing  another  piece  of  the 
same  metal  in  the  voltaic  arc,  the  reversal  of  the  bright  yellow  line  due 
to  sodium  can  be  well  observed.  Salts  of  silver,  sinc^  copper,  or  little 
pieces  of  the  metals  themselves,  will  also  afford  brilliant  spectra  bv 
means  of  this  apparatus.  Liquids  placed  in  a  small  wedpe-shaped  ecu 
in  front  of  the  slit,  may  also  he  compelled  to  give  up  their  secrets.  In 
such  manner  can  be  examined  solutions  of  blood,  chlorophyll  (the  green 
colouring  matter  of  plants),  cochineal,  and  many  other  substances  too 
numerous  to  mention. 

The  discovery  of  no  less  than  four  elementary  bodies  is  due  to 
spectrum  analysis.  Thus  in  1860  Bunsen  found,  when  operating  upon 
tne  residue  of  a  certain  mineral  water,  certain  lines  in  the  spectroscope 
which  did  not  coincide  with  any  previously  noticed ;  these  were  due 
to  the  two  metab  casium  and  rubidium.  Mr.  Crookes  not  long  after- 
wards noticed  a  bright  green  line  in  the  spectrum  given  by  some 
specimens  of  pyrites.  Thus  was  discovered  ikallium,  which  takes  its 
name  from  the  characteristic  colour  which  led  to  its  detection.  The 
fourth  metal  which  owes  its  discovery  to  the  prism  was  iridium,  which 
like  the  other  three  already  mentioned  Lb  named  after  the  colour  of 
its  most  characteristic  lines. 

A  curious,  but  very  useful,  application  of  the  spectroscope  is  found  in 
the  Bessemer  process  for  converting  iron  into  steeL  In  this  process  air 
is  driven  through  the  molten  iron,  from  apertures  at  the  bottom  of  the 
vessel  in  which  it  is  melted.  At  the  moment  of  conversion,  the  bril* 
liant  flame  from  the  molten  mass,  undeigoea  a  change  whidi  is  veiy 
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diScolt  to  detent  hj  the  unaided  eje.  But  viewed  through  the 
Bpeotrotcope  the  momeat  at  wliich  tbis  chaoge  ocoun,  and  when  there- 
fore it  is  Rll-importaDt  tbat  the  process  should  be  stopped,  the  fl«me 
gives  anBrring  indications  for  the  guidance  o(  the  workmen.  The 
spectrum  given  consists  of  numerous  brisht  lines,  the  most  brilliant  o[ 
which  are  green.  At  the  moment  when  tne  process  becomes  complete 
these  green  lines  suddenly  vuiisb.  Thus  can  an  inexpenenced  workmmn 
be  made  competent  bv  thia  wonderful  instrument  to  detect  e  change 
wikicb  otherwuo  would  cost  him  jeers  o(  practice. 


words  of  uuljaing  the  constitnents  of  tbe  heavenly 
bodies.  Eirchhoff  by  means  of  the  prism  demonstrated  tbe  existence  in 
the  SOD  of  iron,  barium,  copper,  un^  magnearnm,  chrominm,  calcium, 
and  iroD.  With  improved  apparatus  modem  astronomers  have  increased 
tbe  number  of  elements  in  ttie  sun  to  ebont  twentv-two,  whilst  tbej  are 
in  doubt  ebont  tbe  presence  of  some  ten  others.  The  lut  solar  disooverj 
of  tbia  nature  was  tnat  of  Dr.  Henry  Draper,  oF  New  York,  who  was  the 
first  to  detect  the  lines  due  to  oxygen.  Ttae'Solar  spectroscope  is  used 
with  an  astronomical  telescope,  and  takes  the  pbee  of  tbe  usual  eye- 


Btiil  more  interesting  are  the  disooveriei  vktak  ^ 
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pcfttible  by  the  speo^OBcope  as  to  the  oonstitiieiits  of  t)ie  stan.  It  indeed 
seems  almost  incredible  toat  by  means  of  a  little  instniment,  the  actual 
sise  of  which  is  shown  in  Tib.  352,  we  can  tell  of  what  the  distant  stars 
m  made.  Bat  by  compaiug  the  spectre  which  they  giTC  with  the 
lines  given  by  terrestrial  substances,  astronomers  are  able  to  affirm  that 
their  constituents  include  certain  bodies  which  are  well  knowh  to  ns  on 
this  eartL  Amonf  the  sulmtances  so  detected  are  hydrogen,  magnesium, 
sodium,  caldnm,  bismuth,  antimony,  mercuir,  ftc  Like  the  elements 
found  in  the  sun,  those  in  the  stars  may  be  neld  to  exist  in  a  state  of 
vapour,  at  a  temperature  to  which  we  can  only  bring  them  by  special 
appliances.  The  spectroscope  gives  evidence  of  atmosphere  surrounding 
the  superior  planets,  and  tells  us  that  the  moon  is  without  atmosphere. 
It  has  indeed  opened  up  quite  a  new  field  of  research,  and  one  whidli 
will  no  doubt  in  the  future  yield  even  a  richer  harvest  to  science  than  it 
has  done  in  the  past.  A  most  interesting  and  important  field  of  research 
by  means  of  the  spectroscope  has  been  initiated  by  Mr.  Norman  Lockyer, 
a  gentleman  whose  previous  discoveries  and  labours  with  the  instru- 
ment must  give  any  conclusions  at  which  he  arrives  ereat  weight.  At 
the  close  of  the  year  1878  a  letter  appeared  in  one  of  the  daily  papers 

E'ving  news  of  a  most  startling  cGscovery,  lor  it  stated  that  Mr. 
ockyer  had  realized  the  akhemist's  dream  and  had  actually  effected 
the  transmutation  of  Several  metals.  That  the  so-oalled  elements  were 
therefore  not  elementary  and  that  the  whde  system  of  chemistry  must 
be  remodelled. 

This  letter  evoked  a  rei>ly  from  Mr.  Lockyer,  i|^  which  he  contradicted 
the  rej>ort  in  its  most  important  particulars,  but  the  researches  to 
which  it  referred  soon  after  formed  the  subject  of  a  communication 
which  Mr.  Lockyer  himself  brought  before  the  Royal  Society. 

In  this  paper  Mr.  Lockyer  hazards  the  assertion  that  many  of  the  so- 
called  elements  are  in  realttv  compound  bodies.  Under  certain  circum- 
stances he  found  lines  in  the  spectra  of  different  metals  for  which  he 
could  account  in  no  other  way,  except  that  they  might  be  due  to  im- 

Eurities  contained  in  the  substances  under  examination.  Bat  as  he 
ad  taken  care  to  eliminate  all  chances  of  such  adulteration  he  was  not 
content  to  refer  the  apj^earances  which  he  saw  to  that  cause.  The  line 
of  argument  followed  is  far  too  complex  for  further  consideration  in 
these  pages,  but  the  suljeot  of  spectrum  analysis  could  hardlv  be  con- 
sidered complete  without  some  reference  to*  the  work  in  wnich  Mr. 
Lockyer  is  engaged.  There  has  long  been  an  opinion  among  chemista 
that  some  of  the  elements  may  some  day  be  proved  to  be  oompound. 
and  the  spectroscope  will,  no  doubt,  be  the  instrument  which  will  solve 
the  problem.  ^  We  must  remember  that  it  is  not  so  very  long  ago  that 
men  believed  in  the  existence  of  four  elements  only,  namely:— earth,  air, 
water,  and  fire.  From  these  four  supposed  elements  eve^hing  in  the 
nniverse  was  made.  We  now  know  that  the  three  first  are  compounds, 
and  that  the  last  is  merely  a  chemical  operation.  (Xie  discoveir  has 
led  to  another  until  the  elements  number  sixty-five,  and  it  will  not 
be  a  matter  for  much  surprise  if  this  number  is  increased  or  diminished 
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as  time  ffoes  on.  The  general  acceptance  of  any  new  doctrine  is  always 
a  difficolt  matter,  and  the  history  of  discovery  will  show  how  learned 
men  have  been  laughed  at  for  n(^tions  which,  in  the  end,  have  been 
nniversally  accepted.  We  must  therefore  look  upon  our  list  of 
elements  as  the  oest  that  can  be  tabulated  as  far  as  present  knowledge 
goes,  and  we  may  look  to  the  spectroscope  to  tell  us  more  hereafter. 

Another  use  to  which  this  wonderful  instrument  is  being  applied 
with  most  successful  results,  is  in  medicine.  The  lines  in  the  specurum 
afforded  by  blood  are  quite  different  to  those  of  other  substances.  And 
the  quantity  necessary  to  show  the  effect  is  so  excessively  minute  that 
the  least  trace  can  be  readily  detected.  In  this  way  the  presence  of 
blood  in  any  of  the  secretions  of  the  bodv  where  it  has  no  business  to 
bo  can  be  easily  made  out,  and  the  lurkinj^  disease  is  detected.  A 
morsel  of  dried  luood  weighing  less  than  the  fifty  thousandth  of  a  grain, 
is  sufficient  to  ^ive  evidence  of  its  presence  to  the  spectroscopist.  The 
detection  of  mmute  quantites  of  aifferent  metallic  salts,  together  with 
their  rapid  diffusion  through  the  body  after  administration,  has  also 
been  studied  by  the  same  agency,  and  is  likely  to  lead  to  valus^le 
physiological  results.  It  need  not  be  imagined  that  spectrum  analysis  is, 
on  account  of  the  expense  of  the  apparatus,  out  of  reach  of  ordinary  folk, 
for  of  Mr,  Browning  can  be  obtained  the  diiect  vision  instrument  already 
described,  with  all  necessary  appliances,  for  little  more  than  a  guinea. 
It  is  difficult  to  imagine  how  a  guinea  could  be  more  profitably  spent. 

Vn.  Duraium  (^  the  Impremom  of  lAghi. 

If  a  circular  disc  is  painted  with  the  prismatic  colours  taken  in  the 
same  proportion  with  respect  to  each  other  in  which  they  are  exhibited 
in  the  spectrum  made  by  the  prism,  and  the  wheel  is  turned  swiftly,  then 
the  incuvidual  colours  disappear,  and  nearly  white  light  is  apparent. 
The  cause  is  due  to  the  same  principle  that  creates  the  appearance  of  a 
complete  circle  of  fire  when  a  burning  s^uib  is  moved  quickly  round 
before  it  is  thrown  away  to  burst,  and  as  it  is  evident  that  the  burning 
squib  cannot  be  in  every  part  of  the  circle  at  the  same  moment,  there 
must  be  some  inherent  faculty  belonging  to  the  human  eye  which 
enables  it  to  retain  for  a  definite  period  the  impression  of  images  that 
may  fall  upon  it;  and  this  principle  has  been  so  far  pressed,  as  it  were, 
beyond  its  limits,  that  it  is  gravely  asserted  the  image  of  a  man's  mur- 
derer "might  be  discovered  on  the  retina  of  the  eye-oall  if  that  could  be 
examined  sufficiently  quick  after  death."  The  fixture  of  the  picture  is 
said  to  be  due  to  a  sort  of  natural  photographic  process;  but  such  fanciful 
statements  often  lead  the  mind  into  dreamland  only,  and  so  we  will 
return  to  the  fact  of  the  duration  of  the  impression  of  lieht  on  the  eye 
as  evidenced  bjf  several  ingenious  optical  instruments,  and  especially  oy 
the  scientific  mventions  of  Br.  Faraday,  Br.  Paris,  and  of  Mr.  Thomas 
Bose  of  Glasgow. 

Bjr  careful  experiment  M.  B'Arcy  foand  that  the  light  of  a  live  coal, 
moving  at  the  distance  of  165  feet,  maintttiied  its  impression  on  the 

bb8 


373  boy's  putbook  or  boudioi. 

ntiu  darnig  the  uventh  put  of  a  second.  Hence  tlie  cuue  of  tU 
KCompotition  of  vhite  light  when  the  colours  on  the  disc  uo  qnuditjr 
rotated.  Each  colour  at  auj  point  saeceeds  the  other  before  the  impras- 
iioii  of  the  lut  is  gone  from  the  eye,  and  pTovided  the  cobun  more 
toDnd  vithiu  the  seventh  part  of  a  second,  tnef  ore  aU  impresBed  to^ 
ther  on  the  eje,  and  meeting  oq  the  retina,  ptodaoe  the  ^ect  of  white 
light. 

Vm.  me  PiviakUlUeope. 

This  amiwag  imtnuneot  consists  of  a  turning  vheel  njKin  which  figuRi 
apftear  to  jomp,  walk,  or  duicc.  The  disc  or  wheel  is  of  cardboard, 
noon  which  arc  painted  (towards  the  peri- 
pnery)  figures  m  eight,  ten,  or  twelre 
posturea.  Thus,  if  it  is  desired  to  repre- 
sent clowns  tunung  round  in  a  dicle,  twelve 
different  positions  of  the  figure  in  the  act  of 
tnming  are  painted  on  the  disc,  and  abore 
each  of  the  figures  on  the  wheel  a  slit  is  cut 
about  one  inui  long,  and  a  quarter  of  an 
I  inch  wide  in  a  direction  corresponding  with 
'  the  radii  of  the  circle.  This  simple  form  of 
the  instrument  is  used  bj  placing  the  %ured 
side  towards  a  lookiog-glass  and  then  cansinjg 
it  to  revolve  at  a  certain  speed,  which  is 
ascertained  bj  eiperiment ;  uul  as  the  spec- 
tator looks  tbronga  the  elite  into  the  looking- 
S'lss,  the  clowns  appear  to  turn  round.  Jet 
..„ , e  Poljtechoio  InatitnUon  there  are   two 

* ndtiiR uiiDngta thadlu.  itii  of  these  wheels  with  looking-glasses,  and 

^WPortedbj^^i^^andta^ttm^    althoQgh  the  same  designs  have  done  dutj 

t«tri™ffli>t^ff  M-'l  fof  nian;  jears,  thej  stiU  attract  the  pi^ilic 

attention.  (Fig.  S53.) 
In  the  "Jonrnil  of  the  Kojal  Institution"  Mr.  Faraday  has  de- 
scribed some  vorj  interesting  eiperimeuts  and  optical  illusions  produced 
bj  the  revolution  of  wheels  in  oifferent  directions  and  velocities.  The 
witeels  are  mode  of  cardboard,  and  bj  cutting  out  two  cog  wheels  of  aa 
equ^  sice,  and  placing  one  above  the  other  on  a  pin,  the  nenal  haxj 
tint  when  tlie  cogs  are  acting  is  apparent  when  thej  are  whirled  round ; 
but  if  the  two  cog  wheels  are  made  to  move  in  opposite  directions, 
there  will  be  the  extraordinary  appearance  of  a  fixed  spectral  whed. 
If  the  cogs  are  cut  in  a  slantmg  direction  on  both  wheels,  the  speotiat 
wheel  wiU  exhibit  slanting  cogs ;  but  if  one  wheel  is  tnmed  so  that  the 
cogs  shall  point  in  opposite  directions,  then  the  spectral  wheel  will  have 
strvght  cogs-  A.  number  of  such  wheels  set  in  motion  in  a  darkened 
room,  and  uluminated  suddenly  with  the  tight  from  the  electric  spark, 
appear  to  stand  perfectly  still,  althongh  moving  with  a  great  velocity. 
An  expensive  instrument  has  been  oonstructed  by  Dnboacq,  for  tM 


TBI  rBBHAKIBTUOOn. 


puipOM  of  sbowing  the  usual  pbenakistUoope  effects  on  the  Bcnea 
wHn  the  DUgtc  Untem ;  ■  ver^  mnited  picture,  hoTerer,  u  shown,  ud 
thereiaitill^eatroomfbrtheimproTeiiieidottheappBntiu.  (Fig.  3Gi.) 


F1(,3H.  PhmiktattMOna  mda  bT  Dab(iMq,<if  PirU.  Ho.  1.  Arauitn  b  almtlga 
ntUiUwooDdcDHn.  Na.1  Seettsn  of  ttaa  ipiiuMU.  i.  Tha  ll^l.  >.  CoDdtOMt,  oc 
plHK-eoDTii  Imi.  0.  Bound  g}tm  dlK  wlUi  (EialfTi  palnldl  on  It.  d.  Woodio  iSte  with 
bar  daa1il(-con>«  Isbh  plunl  il  tqul  dlitum  lk«D  «Mh  otto,  w  w  to  coImUi 
utthcwhlUmtttfav.  Botb  tht  litut  uidaiotaU,uul  llNiMK«tife>«MdgBttt«M 
tlUwlMUM  r.    r    1   lliinilili.  illli  ilii1iiiiiiliiliia«im 
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EL  Tke  TJUmmairope. 

This  TtTj  simple  toy  was  inveated  bj  the  late  Dr.  Paris,  who  gave  it 
an  appropriate  name,  compounded  of  the  Greek  words,  Aiv/m,  wonder, 
Tpfww,  to  turn.  The  duration  of  the  impressions  of  lisht  on  the  eje 
is  Terj  apparent  whilst  using  this  toy,  which  is  usnaUy  made  of  a 
circular  piece  of  cardboard,  having  on  one  side  a  pamting  of  a  man's 
head,  and  on  the  other  a  hat ;  or  a  picture  of  a  lighted  candle  on  one 
face  of  the  cardboard,  and  an  extinguisher  on  the  other;  or  a 
gate,  and  a  horseman  ieapin?  it.  Each  pair  of  designs  painted  on 
opposite  sides  of  the  cardboard  appear  to  be  one  when  twisted  round 
by  strings  tied  to  the  opposite  edges  of  the  cardboard  circle.  The 
rationale  of  this  experiment  bein^,  that  the  picture  of  one  design- 
such  as  the  head  ana  face — is  retamed  by  the  eye  until  the  hat  ^peais, 
and  being  mutually  impressed  upon  the  ner?e  of  vision  at  veiy  neady 
the  same  instant  of  time,  they  appear  as  one  picture. 

X.  The  Kahtrope. 

This  is  an  optical  arran^ment  by  Mr.  Tliomas  Rose,  of  CBasgow, 
primarily  designed  for  showing  the  illusions  of  the  phenakistiscope  and 
undred  devices  to  a  numerous  audience ;  but  more  remarkable  tor  its 
presentations  of  very  beautiful  sjjectra,  composed  of  the  multiplicatioii, 
combination,  and  involution  of  simple  figures  disposed  around  a  disc 
The  arrangement  consists  of  a  movement  for  ffiving  oonaid^aUe 
velocity  to  two  concentric  wheels,  working  neany  in  contact,  and 
moving  in  contrary  directions.  But  the  only  part  of  the  apparatus  that 
requires  special  explanation  and  illustration  is  the  device  cusc  and  the 
disc  of  apertures ;  the  first  of  which  is  placed  on  the  hinder  wheel,  and 
the  second  on  the  front  wheel.  We  give  figures  of  the  two  discs^ 
premising,  however,  that  each  is  capable  of  an  almost  infinite  variety 
of  characters.  No.  1  (Eig.  355)  presents  in  its  four  quadrants  the 
perforations  for  four  distinct  dbcs  of  apertures ;  and  No.  8  is  a  device 
disc,  consisting  of.  twelve  equidbtant  black  bails.  Under  a  the  balls 
will  be  presented  as  twenty-four  ovals ;  under  b,  as  forty-eight  involved 
figures,  beautifully  variegated ;  under  c,  as  an  elaborate  koework ;  and 
under  ^,  as  a  rich  variegation  of  form  and  colour.  Eveiy  fresh  disc  of 
devices  and  disc  of  apertures  of  course  opens  up  a  new  field  of  effect. 
Thus,  if  we  take  a  disc  bearing  twelve  repeats  of  a  ball  in  the  in- 
terior of  a  ring,  each  repeat  being  so  painted  that  its  position  is  ad- 
vanced in  the  ring  until  it  reaches  in  the  twelfth  ring  the  point  whence 
it  started,  and  place  this  on  the  back  disc  of  the  kalotrope,  having  pre- 
viously removed  the  first  one,  no  effect  is  observed  when  the  wneel 
is  rotated  bevond  the  spreading  out  of  the  design  and  ^neral  appear- 
ance of  hazy  black  circles.  When,  however,  the  disc,  with  twelve  slits 
or  apertures,  is  now  placed  on  the  front  wheel,  and  the  two  rotated  m 
opposite  directions,  then  the  whole  figure  starts  as  it  were  into  eusl- 
encci  and  each  ball .  apparently  moves  round  the  interior  of  its  oirote. 
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The  apnuataa  trai  produced  at  the  Bo^  Foljtediiiw  Instttntkn  b? 
(ha  lataar,  uii  exoited  moch  intereit.    (Eig,  36S.) 


Fig.  tit.  tree  1  ud  1 

uT  UMrajM,  •bowlBg  UlB  1 
In  cppolla  (Hmllgw. 


XI.  Tie  Piolodrome. 


Tiaa  i>  a  aeoond  optical  arrangement  bj  Mr.  Rosa  for  vhoiring  Spec- 
tral illusiona ;  and  it  is  anperioc  to  the  last,  tnasmuch  as  it  offera  to  the 
public  lectturar  a  most  effective  means  of  presenting  these  deceptions  to 
a  large  audience.     It  differs  from  the  kalotropc  m  several  important 

Siinte.  It  dispenses  with  the  diacs  of  apertures,  and  leates  the  device 
so  wUh  its  face  fully  exposed  to  the  spectators,  The  effects  are  pro- 
doced  bv  a  poirerful  light,  thrown  through  the  tube  of  a  lanten^  and 
broken  bj  a  wheel  working  across  it.  The  apparatus,  as  it  ol  prueat 
stands  in  the  inrentor's  pussessian,  consists  of  two  distinct  ports ;  the 
one  a  movement  for  the  device  discs,  and  the  other  foe  the  light.  A 
wheel  foor  feet  in  diameter  is  connected  with  a  tioia  of  morsment 
oqwble  of  givii^  it  Sve  huodred  or  six  hundred  revoiutions  per  minute. 
On  this  whasl  t^  device  disc  is  pbced,  in  full  view  of  the  spectators 
and  set  in  mo&m.    From  an  cupaiita.  pUuj  llw  light  is  tbrovi^  and 


876  boy's  platbook  of  scisvce. 

broken  by  a  wheel  of  such  diameter  and  number  of  apertum  m  will 
admit  the  Telocity  of  the  pkotoirwme  (or  liffht-nmner)  to  be  ^  kait 
iis  times  the  velooitjr  of  the  devioe  disc ;  wnilst  the  apertures  are  of 
such  width  as  to  restrict  the  duration  of  the  light-flash  to  about  one- 
two-thousandth  of  a  second.  The  whed  workii^  across  the  I^^t  Ins  a 
train  of  movement  for  raising  the  Telocity  to  two  thousand  reToiatkn 
per  second.  The  management  of  the  apparatus  is  Teiy  simple.  Tbe 
device-wheel  is  brought  to  a  steady,  rapid  rotation,  and  the  operator  oa 
the  light  then  works  his  wheel  with  graduallT  increasinff  TdooftTa  u>til 
he  OTcrtakes  the  figures  of  the  dcTioe,  where,  oy  mere  ddicacj  of  touchy 
he  is  able  to  hold  tnem  statioiuiry  or  ^tc  them  motion,  at  pleasure. 

Theories  of  light  and  colour  still  agitate  the  scientific  world,  although 
that  man  must  be  bold  who  will  assert  that  his  hypothesis  is  fitted  to 
explain  eveir  difficult  point  that  arises  as  our  experimental  knowledge 
increases.  Mr.  G.  J.  Smith,  of  the  Perth  Academy,  has  propounded  a 
Tery  ingenious  theory  of  light  and  colour,  supported  by  some  derer 
experiments.  But,  as  Solomon  says,  "  there  is  nothing  new  under  the 
sui^*'  and  in  an  able  paper  Mr.  Bose,  of  Ghisgow,  lays  claim  to  the 
anticipations  of  Mr.  Smitn's  theory  as  follows: — 

"Mt  attention  has  been  directed  to  a  paper  entitled  '  Hie  Theorr  of 
Light,^  by  G.  John  Smith,  Esq.,  M.A.,  of  Perth  Academy.  I  think  it 
is  now  nearly  two  yean  since  I  communicated  an  interesting  fact  to 
Professor  Faraday,  and  to  a  member  of  our  local  Philosophical  Insti- 
tution, which  may  fairly  claim  to  have  anticipated  Mr.  Smith's  theoiy. 
The  fact  was  this :  that  if  a  piece  of  intensely  white  card  be  held  in  one 
hand,  with  the  light  of  a  powerful  gas-jet  falling  upon  it,  and  if  the 
other  hand  has  command  oi  the  ^as-t^,  as  the  light  is  gradually  redueed, 
the  card  will  assume  the  prismatic  colours  down  to  intense  blue^  and  as 
the  light  is  restored  the  colours  will  present  themselves  in  inverse 
order.  The  experiment  showed,  very  concluaively  to  my  mind,  that  light 
is  homogeneous,  and  that  what  we  name  colour  is  only  the  various 
affection  of  tbe  optic  nerve  by  a  greater  or  lesser  radiation  of  light  from 
a  food  point  in  an  imperfect  reflector— say,  in  the  instance,  a  white 
card.  I  apprehend  that  Mr.  Smith  confuses  his  theory  when  he  speaks 
of  alternations  of  light  and  shadowproducing  colour.  Shadow,  or 
darkness,  is  mere  negation  of  light.  We  do  not  see  mixtures  of  lig^t 
and  darkness,  or  blackness  and  whiteness,  but  light  in  its  several  degrees 
of  intensity.  Mr.  Smith's  experiments  present  only  what  my  kalotrope 
has  done,  and  what  my  later  aevice,  the  pbotodrome  (now  nearly  three 
years  old)  is  doinjr  in  a  much  more  perfect  manner.  It  is  one  of  the 
mysteries  intelligible  only  to  the  initiated,  that  whilst  Mr.  Smith's  p^Kr 
seems  to  have  been  received  with  great  favour  by  the  British  Association, 
my  communication  relative  to  the  pbotodrome  was  voted  '  not  wffidenUg 
fraetieal* 

"  Since  I  have  come  before  the  public  with  an  experiment,  whidi  in 
any  view  is  an  interesting  one,  permit  me  to  reproduce  it  under  sevenl 
distinct  conditions,  and  to  add  a  brief  narrative  of  remarkable  presen- 
tations of  colour  that  have  come  before  me,  and  which,  so  far  as  I  am 
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aware,  are  perfectly  novd,  or  known  only  throngh  the  more  recent 
experiments  of  Mr.  SmitL  Professor  Faraday  very  oonrteonsly 
acknowledged  my  oommunication  of  the  experiment  with  the  card,  bat 
said  that  it  only  partially  succeeded  with  him,  and  added  that  probably 
this  was  owing  to  some  decay  of  sensitiveness  in  his  eyes.  More  likely 
I  failed  to  state  with  sufficient  deamess  the  conditions  of  the  ex- 
periment, since  I  have  always  fonnd  nine  persons  out  of  ten  perfectly 
agreed  as  to  the  effects  proauced  when  they  nave  been  at  my  side.  The 
transitions  from  white  lo  yellow,  orange,  red,  and  thence  to  intense 
bine,  are,  I  may  say,  nnvanabl v  admitted.  Suooess  depends  on  a  very 
slow  and  r^xdar  rt^uction  ana  restoration  of  the  light.  I  have  given 
one  meUiod  of  performing  the  experiment,  and  wul  add  other  two. 
Allow  the  lifl^t  to  remain  undisturbed,  and  begin  by  holding  the  card 
near  to  it ;  cnen  keep  the  hand  steady  and  the  eye  intentlv  ued  upon 
the  card,  and  retire  gradually  with  your  back  to  the  light,  and  the 
colours  will  change  in  the  order  of  the  prismatic  spectrum  from  yellow 
to  intoise  blue.  On  returning  backwaros  towards  the  light  the  colours 
will  again  present  themselves,  but  in  inverse  order.  Li  this  form  of 
the  experiment  we  are  certain  that  the  light  remains  precisely  the  same 
throujpiout.  The  third  method  is  this :  Place  a  circle  of  white  card, 
about  three  inches  in  diameter,  in  the  centre  of  a  bkck  board,  and  let  a 
spectator  stand  within  twelve  inches  of  the  board,  with  his  eyes  fixed 
upon  the  card.  Let  an  ooerator  be  provided  with  a  light  so  covered 
that  it  shall  not  fall  on  tne  eye  of  the  spectator;  then,  as  he  retires 
with  the  light  or  returns  with  it,  the  s{>ectator  will  see  the  colours  as 
before.^  This  arrangement  evidently  subjects  the  experiment  to  a  severe 
test,  since  the  bla^  board  enhances  tne  whiteness  of  the  card,  and 

tends  to  preserve  it Whilst  pursuing  my  principal  object, 

I  frequently  noticed  most  remarkable  presentations  of  colour;  but,  as 
the  conditions  were  for  the  most  part  unsuitable  to  the  lecture-room,  I 
gave  them  only  a  passing  regard.  Allow  me  to  instance  a  few  of  the 
experiments. 

"The  first  refers  to  the  kalotrope,  which  may  be  briefly  described  as 
an  arrangement  of  two  concentric  wheels,  working  nearly  m  contact  and 
in  contrary  directions.  Discs  of  various  devices  are  provided  for  the 
hinder  wheel,  and  a  number  of  perforated  black  discs  for  the  one 
in  iivnt.  When  a  disc  charged  with  twelve  black  radii  is  pkced  on 
the  hinder  wheel,  the  six  spokes  of  the  front  wheel,  in  passing  rapidly 
across  it,  convert  the  twelve  biaei  radii  into  twenty-four  apparently 
stationary  white  radii  upon  a  tinted  ground.    Here  is  a  remarkable 

Kisentation  of  the  complement^,  inasmuch  as  it  is  placed  permanently 
ore  the  eye  by  persistence. 

"  The  second  experiment  is  performed  with  the  photodrome,  which 
oonsiBts  of  an  independent  wheel  to  receive  the  device  discs,  and  an 
apparatus  (altogether  apart,  and,  if  desired,  out  of  sight)  by  which 
flashes  of  light  are  thrown  upon  the  disc  in  rapid  and  regukr  succession. 
Now,  if  a  disc  charged  with  twelve  dark  blue  baUs,  nearly  in  contact, 
be  placed  upon  the  wheel,  and  a  little  natural  light  be  allowed  to  fall 
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upon  it^  80  soon  as  it  is  tbaown  into  rapid  xerolntion,  and  flashfla  ol 
artificial  light  (insulated  in  »  lantern)  are  duly  measnred  onfc  npon  it, 
we  see  twelve  apparently  stationary  light^blne  balls  upon  a  soiie  of 
bright  orange.  Here,  again,  there  is  nothing  for  whidi  we  are  not 
nrepared;  toe  comnlementai^  is  suddenly  presented^  and  it  ia  main- 
nined  permanently  Wore  the  eye  by  persistenoe. 

'*A  third  experiment  may  prove-  mteresting  in  its  relation  to  Mr. 
Smith's  ingenious  theory,  Place  the  kalotrope  opposite  a  iN^t 
northern  noondby  sky,  remove  the  front  wheel,  and  affix  to  the  hinder 
wheel  one  of  the  nenorated  black  discs  used  for  the  kalotropio  efieets. 
The  experimentalut  stands  at  the  back  of  the  instrament^  and  can.  see 
the  sky  only  through  the  tortures  in  the  black  diso.  CBuae  these 
apertures  to  pass  the  eye  at  mtervnls  varying  from  one4ia]£  to  onMixth 
of  a  second,  and  very  remarkable  oresentations  of  oolour  are  seen. 
Under  the  lower  velocities  the  sky  nashes>  and  assumes  an  unnatural 
brilliancy,  and  the  intervab  of  the  fourth  and  fifth  of  a  second  give  it 
sometimes  a  crimsoi^  at  others  a  deep  purple  cobur.  Now,  what  are 
we  to  infer  from  this  experiment?  Certainly  no/  that  the  palaatioiis 
have  absolutely  produced  variety  of  colour.  At  every  pulaaticm  tiie 
full  natural  light  falls  upon  the  eye,  and  the  iatervals  between  the 
pulsations  give  time  for  the  reaction  neceasary  to  the  so^gestion  of 
complementary  colour,  and  that  under  manifold  modifications  aws% 
out  of  the  ever-dianging  condition  of  the  eye  dnrinj^  the  ex^rimeat 
If  the  apertures  pass  the  eye  with  a  velocity  exoeedinjf  0!ne«xth  oC  a 
second,  the  effect  oeases.  There  is  then  perfect  petautenoe,  and  the 
eye  apprehends  nothing  but  the  ordinary  light  of  Uie  sky,  reduced  in 
intensity,  with  nothing  to  break  .its  uniformity  or  give  it  a  chroaajkic 
character.  .    . 

"A  fourth  experiment  is  kindred  to  the  last.  Place  the  kalolzope 
under  the  same  adjustment  and  manaffoment  as  before,  in  front  oca 
brilliant  sunset,  and  the  spectator  >iU  see,  with  more  thanapoefs 
vision, 

'The  deh boat  of  «11  giloriQaa  t^ngfl.*  ** 

Xn.  TJie  Kaleidoteopie  Colour-icp, 

This  invention  by  John  Graham,  of  Tunbridge,  is  designed  to  ahow  that 
when  white  or  coloured  light  is  transmitted  to  the  eye  throng  snail 
openings  out  into  patterns  or  devices,  and  when  such  openings  are  made 
to  pass  oeAre  the  eye  in  ranid  successive  jerks,  both  form  and  ooloor  are 
retained  upon  the  nerve  6t  the  visual  organ  sufficiently  long  to  prodace 
a  compound  pattern,  all  the  parts  of  whioh  appear  simultaneous, 
although  presented  in  succession.  The  instrument  forms,  tbeiefore,  a 
pleasing  iUustration  of  the  law  that  the  eye  requires  an  almost  inappce- 
ciably  short  space  of  time  to  receive  an  impression,  and  that  snfih 
impression  is  not  directly  effaced,  but  remains  for  an  asaigiiable  though 
very  limited  period.  The  results  are  obtained  by  rotating  two  disoa  on 
a  wheel,  the  lower  disc  containing  ,«olour8»  and  the.  ujpper  0110  |jbe 
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opaingfi ;  this  latter  disc  is  made  to  vibfate  as  well  as  to  rotate,  thus 
aUovin^  the  eye  to  reoeiye  the  coloured  light  reflected  from  beloiT, 
which  light  assumes,  at  the  same  time,  the  forms  of  the  patterns  through 
which  it  has  been  transmitted.  The  instrument  serves  also  to  illustrate 
most  of  the  important  phenomena  of  ookrar. 

^111-  Simple  Mieroscopei  and  Teleaeopet, 

The  Stanhope  lenses  are  now  sold  at  sudi  a  cheap  rate,  and  m  so 
Dsefttl  as  aimj^e  portable  microscopes,  that  it  is  hanuj  worth  while  to 
detail  any  plan  bj  which  a  dieap  smgLe-lens  magnifier  m&j  be  obtained. 
Eloquent  vendors  of  cheap  microscopes  are  to  be  found  m  the  streets, 
who  make  their  instrument  of  a  pill-box  perforated  with  a  pin-hole,  in 
which  a  globule  of  glass  fixed  with  Canada  balsam  is  placed  ;*and  the 

X'  lerical  form  of  the  drop  affords  the  magnifying  power :  or  a  thin 
tmum  wire  mliy  be  bent  into  a  small  circular  loop,  and  into  this  may 
\m  placed  a  spMnter  of  flint^lass ;  if  the  flame  of  a  spirit-lamp  is  uived 
upon  the  loop  of  platinum  wire  and  glass  by  the  blowpipe  until  it  m^ts, 
a  small  douDle-oonvex  lens  may  be  obtained,  which  will  answer  very 
well  as  a  magnifying-^ass.  Practice  makes  perfect,  and  after  two  or 
three  trials,  a  good  single  lens  may  be  obtained,  which  can  be  mounted 
between  two  small  pieces  of  lead,  brass,  or  cardboard,  properly  flxed 
together,  with  holes  through  them  just  large  enough  to  retain  the  edge 
of  the  tiny  lens.  A  prism  can  be  made  of  two  small  pieces  of  window- 
glass  stuck  together  with  a  lump  of  soft  beeswax,  and  if  a  few  drops 
of  water  are  placed  in  the  angle,  the;^  are  retained  by  capillary  attraction. 
The  prism  is  used  hj  holding  it  against  a  large  pin-hole  or  small  slit  in 
a  bit  of  card,  and  directing  them  towards  the  sky,  when  the  beautiful 
colours  of  the  spectrum  will  be  apparent  if  the  card  and  prism  are 
brought  close  to  the  eye. 

The  most  simple  form  of  the  refracting  telescope  is  made  with  a  lens 
of  any  focal  length  exceeding  six  inches,  placed  at  one  end  of  a  tin  or 
cardbotfd  tube,  which  must l)e  six  inches  lon^r  than  the  focal  length 
of  the  lens ;  the  tube  may  be  in  two  parts,  slidin|^  one  within  the  other, 
and  when  the  eye  is  placed  at  the  otner  end,  an  inverted  image  of  the 
object  looked  at,  is  apparent.  By  using  two  double-convex  lenses,  a 
more  perfect  simple  astronomical  telescope  is  obtained.  The  object- 
glass,  t>.,  the  lens  next  the  object  looked  at,  must  be  placed  at  the  end 
of  a  tin  or  pasteboard  tube  hunger  than  its  focus,  and  the  second  lens, 
called  the  eye-^lass,  because  next  the  eve,  is  a  smaller  tube,  termed  the 
eye-tube ;  and  if  the  focal  length  of  the  object-glass  is  tluee  feet,  the 
eye-g^ass  must  have  a  one-inch  focus,  and  oi  course  the  eye-tube  and 
glass  must  slide  freely  in  the  tube  containing  the  object-gkss.  An 
object-glass  of  forty  feet  focus  will  admit  of  an  eye-glass  of  only  a  four- 
inch  focus,  and  will,  therefore,  magnify  one  hundred  and  twenty  times. 
A  tube  of  forty  feet  in  length  woud  of  course  be  verjr  troublesome  to 
manage,  and  therefore  it  is  usual  to  adopt  the  plan  originally  devised  by 
Huygens^  vii.»  that  of  placing  the  obgeot^-giaw  in  a  short  tube  on  t^ 
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Fig.  366.  A  oom- 
poond  Achnmuitio 
UDM,  oom^Md  of 
o  o,  the  donble-ooD- 
▼a  I«nf  ofcrown- 
glMf,  and  V  V,  the 
plaiio*coDcaTe  lens  of 
flint-^BM. 


top  of  a  high  pole  with  a  ball-and-socket  joint,  whilst  the  eye-glan  ■ 
brought  into  tne  same  line  as  the  object-glass,  and  focused  with  a  tok 

and  rack-work  properW  supported.  In  an  ordinal; 
terrestrial  telescope  there  are  four  lenses,  in  order 
that  the  objects  seen  by  its  assistance  shall  not  be 
inverted ;  and  wheneyer  objects  are  examined  by  a 
common  telescope,  they  are  found  to  be  fringed,  or 
surrounded  with  prismatic  colours.  This  disagreeable 
effect  is  corrected  by  the  use  of  acAromaiie  laaes,  in 
which  two  kinds  of  glass  are  united ;  and  the  light 
decomposed  by  one  glass,  uniUnff  with  the  ooloan 
produced  by  the  other  form  white  fight,  thus  a  doable 
convex  lens  of  crown  glass,  c  c,  may  be  united  with 
a  plano-convex  lens  of  flint  glass,  r  f,  which  most 
have  a  focus  about  double  the  length  of  that  of  the 
crown-glass  lens.  The  concave  Tens  ooiieets  the 
colour  or  chromatic  aberration  of  the  other,  and 
leaves  about  one-half  of  the  refracting  power  of  the 
convex  lens  as  the  effective  magnifving  power  of  the 
compound  lens.  The  French  opticians  cement  the  lenses  very  neatlj 
together,  and  use  them  in  ordinary  spy  and  opera  glasses.  (Fig.  356.) 

XIV.  The  Stereotcope. 

This  instrument  has  now  attained  a  popularity  quite  equal  to,  if  it 
does  not  surpass,  that  formerly  enjoyed  by  the  kaleidoscope,  and  witboiit 
entering  upon  the  much- vexed  (question  of  priority  of  discovery,  it  b 
sufficient  again  to  mention  with  the  highest  res{>ect  the  names  of 
Sir  David  Browster  and  Professor  Wheatstone  as  identified  with  tiie 
discovery  and  use  of  this  most  pleasing  optical  instrument. 

The  principle  of  the  stereoscope  (meaning,  tdid  I  tee)  is  copied 
from  nature:  t.^.,  when  both  eyes  are  employee  in  the  examinatiaa  of  aa 
object,  two  separate  pictures,  embracing  dissimilar  forms,  are  impressed 
upon  the  retinae,  and  produce  the  effect  of  solidity;  if  the  pictures  formed 
at  the  back  of  the  eyes  could  be  examined  bv  another  person  with  a 
stereoscope,  they  would  come  together,  and  also  produce  the  effect  of 
solidity. 

Stereoscopic  pictures  are  obtained  by  exposing  sensitiflod  films  in 
the  camera  to  tne  picture  of  an  object  taken  in  two  positions,  or  two 
cameras  are  employed  to  obtain  the  same  result.  If  tne  latter  mode  is 
adopted,  the  stereoscopic  pictures  must  not  be  taken  from  positions  too 
widelv  separated  from  eadi  other ;  or  else,  when  the  two  pictures  aie 
plocea  in  the  stereoscope,  thev  will  stand  out  with  a  relief  that  is  qaite 
unnatural,  and  the  object  will  appear  like  a  very  reduced  solid  model, 
inst^  of  having  the  natural  appearance  presented  by  pictures  which 
have  been  taken  at  positions  too  oistant  from  each  other. 

Sir  David  Brewster  says,  "  In  order  to  obtam  photographic  pictares 
mathematically  exact,  we  must  construct  a  binocular  camera  which  vill 
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take  the  piotores  simultaneoasly,  and  of  the  same  size ;  that  is,  by  a 
camera  with  two  lenses  of  the  same  aperture  and  focal  length,  placed  at 
the  same  distance  as  the  two  eyes.  As  it  is  impossible  to  grind  and 
polish  two  lenses,  whether  single  or  achromatic,  of  exactly  the  same 
focal  lengths,  even  if  we  had  the  very  same  glass  for  each,  I  propose  to 
bisect  the  lenses,  and  construct  the  instrument  with  semi-lenses^  which 
will  give  us  pictures  of  precisely  the  same  size  and  definition.  These 
lenses  should  be  placed  with  their  diameters  of  bisection  parallel  to  one 
another,  and  at  a  distance  of  2^  inches,  vMeh  is  the  average  dUianee  of 
ike  etfee  in  man;  and  when  fixed  in  a  box  of  sufficient  size,  will  form  a 
binocular  camera^  which  will  give  us  at  the  same  instant,  with  the  same 
lights  and  shadows,  and  of  Sie  same  size,  such  dissimilar  pictures  ot 
statues,  buildings,  landscapes,  and  living  objects,  as  will  reproduce 
them  in  relief  in  the  stereoscope."  Thus  with  a  single  camera  provided 
with  semi-lenses,  or  two  lenses  of  the  same  focal  length,  stereoscopic 
pictures  can  be  obtained. 

To  bring  the  images  of  the  two  pictures  together,  and  nroduce 
the  effect  of  solidity ;  either  of  two  instruments  may  be  employecL.  The 
reflecting  stereoscope  is  the  invention  of  Professor  Wheatstone.  The 
refracting  or  lenticular  stereoscope  that  of  Sir  David  Brewster. 

The  former  is  constructed  bv  placing  two  upright  boards  on  a  wooden 
atand  at  a  moderate  distance  irom  eacn  other;  the  stereoscopic  pictures 
are  attached  to  these  boards,  which  may  be  made  to  move  up  or  down, 
and  if  the  pictures  are  held  in  grooves,  they  may  be  piulled  nght  or  left 
at  pleasure,  and  thus  four  movements  are  secured — viz.,  upward,  down- 
ward, righl^  or  left.  Between  the  two  stereoscopic  pictures  are  placed 
two  looung-glasses,  so  adjusted  that  their  backs  form  an  angle  of  ninety 
degrees  with  each  other.  (Fig.  357.) 


Fiff.367.   WlufttitaM't  reflflcting  ftenofloope. 

The  pictures  are  illuminated  at  ni£[ht  by  a  lamp  or  gas  flame  placed  at 
the  back  of  the  mirrors,  which,  when  fixed  together,  have  the  same  shape 
as  a  prism ;  indeed.  Professor  Wheatstone  substituted  a  prism  for  tne 
mirrors,  and  thus  paved  the  way  for  the  invention  of  the  lentioidar 
•tereoscope. 


S82  bot'i  flatbook  or  sdixrok 

The  •tenowopo  eKct  is  obtained  bjbnagiiig  thee^  ckMtotte 
inclined  mirron,  w  thftt  the  tiro  ndectcd  isu^  coiacide  at  theista- 
■eetion  of  the  optic  udt ;  the  amuiienoe  of  the  unues  u  f  nrthtr  NCarad 
hj  moving  either  pictare  » little  to  the  tkbt  or  Mi,  and  if  the  npfkU 
boards  move  bodil;  ia  grooves  to  or  fron  khe  centre  mirror,  the  gra£st 
nieetj  of  adjustiaent  ia  procured. 

Dniing  the  last  three  Tears  of  the  antbor's  directonkip  of  the  P0I7- 
teehnic— Tiz.,  in  1856,  ISS;,  186S— nearly  the  «b<de  of^the  pctnn 
sbown  bj  the  ditsolmg-view  appantos  were  ocdonred  pbot<^ra{itts  fnu 
Mi.  Hiss's  ongiaal  pictnrea,  pamted  two  feet  square  in  bine  and  white, 
and  reduced  oa  the  k^ms  to  aboot  aii  inchea  sqoan.  IV  coUodku 
film  being  frcqaenll;  thick  and  difficult  to  penetrate  with  l^t,  ra 
etched  and  scratched  awa;  where  required,  and  filled  in  with  ct£)ai,ioi 
when  these  pictnre*  were  looked  at  with  tne  ejo  only,  they  ^^leared  to 
be  almost  solid  or  stereoscopic  oa  the  disc 

The  lenticolor  stereoscope  consists  of  a  boi  of  a  pyramidal  sboe, 

open  at  the  base,  and  provided  with  grooves  in  which  are  plaeed  Lbc 

ateieoscopio  Dictnrea ;  if  the  latter  vt  takta 

on  ^lasB  the  tmse  of  the  box  is  IwU  dinrtlr 

against  the  light,  hut  if  the^  are  d^neneo^pa 

or  paper  piotiires,  then  a  side  figbt  is  reflnttd 

upon  them  b^  means  of  » lid  eo«ei«d  ia  the 

inside  with  tinfoil,  .wbioh  is  raived  er  lowertd 

.  at  pleasure  bom  the  top  part  of  the  box.  Tn 

I   semi-lenees  are  bow  fitted  inta  th«  narrow  put 

of  the  box,  and  are  placed  at  such  a  distwicc 

from  each  other  that  the  eenbea  of  the  semi- 

lenses  correspond  with  the  pupil  of  the  tm, 

and  this  distance  has  already  been  stated  lo 

amount  to  2^  inches,  (fig.  35B.) 

The  principle  oF  the  lenticular  stereoaeope  ia 
perhaps  better  seen  by  reference  to  the  neil 
diagram,  in  which  the  centres  of  the  semi-loua 
(>.«.,  a  leoa  cut  in  half)  are  placed  at  2i  ind>B 
apart,  with  their  Ihin  edges  towards  each  other, 
and  marked,  &B,  Fig.  3G9.  The  centres  of  tbe 
two  stereoscopic  pioturea  C  D  coirespcaid  with 
the  centres  of  the  lenses,  and  the  rays  of  ligbt 
dieerging  from  c  d  fall  upon  the  semi-lenKS, 
and  beiiie  refracted  neartj  pwalUl  are,  bj  the  prismatic  form  of  the  semi- 
lenses,  t^ectcd  from  ^eir  course,  and  leave  the  surfaces  of  the  lenxs 
in  the  same  direction  as  if  they  aotuaily  emanated  from  B ;  and  as  ill 
images  of  bodies  appear  to  come  ia  a  straight  line  from  the  point  whence 
tlwy  are  seen,  the  two  pictures  are  superimposed  on  e«(u  oUm,  sai! 
together  produce  the  ^ipeerance  of  solidity,  so  that  a  stereoaoopic 
reault  is  obtained  when  the  tpeeifal  imagei  of  the  two  steicaacopK 
motnra  are  made  to  overlaii  each  other.  By  taking  one  of  the  acnit- 
leniea  ia  each  band,  and  looking  at  the  two  piciurea,  the  inv-iifpH 


or  tte  iftOrat  iN^m  becomes  Tei7  apparent,  bd  Qat  &fl  oomlHBed 
tptetrat  imaga,  and  not  the  pielam  ttitnnselTU,  ate  seen  wfaea  m  look 
into  1  Bt«nouope.  (Fig.  369.J 


hi  I  \ 


Sir  David  Brewstei  saya,  "  In  order  that  tbe  two  imagea  ma;  coaleaca 
vitlioiit  uij  effort  or  Btrain  on  the  part  of  the  sje,  it  it  necessary  that 
the  diatance  of  the  similar  parts  of  the  two  diawiogs  be  equal  to  twice 
the  separation  produced  b;  the  prism.  For  this  purpose  measure  the 
distance  at  whidi  the  semi-lenaes  give  the  most  distinct  view  of  the 
atereoMOpio  pictnres,  and  haiine  ascertafhed  bj  nsing  one  eye  the 
amount  a  the  refraction  prodnceii  at  that  distance,  or  tne  quantitj  bj 
which  the  image  of  one  of  the  piotures  is  displaced,  plaoe  the  stereo- 
Rcopic  pictorei  at  a  distance  eqnai  to  twice  that  quantity — that  ia,  place 
the  pictnres  so  that  the  averace  distance  of  similar  parts  in  each  is  eqnal 
to  twice  that  qnantitj.  If  wis  is  not  correctlj  done,  the  eje  of  the 
obserrer  will  corieot  the  error  bj  making  the  images  coalesce,  withont 
being  sensible  that  it  is  making  any  such  effort.  When  the  dissimilar 
atereosoopic  pictures  ore  thus  united,  the  solid  will  appear  standing  as 
it  were  in  reuef  between  the  two  plane  representations." 

XT.  Tie  SUreomoMOKope. 

M.  Claadet,  whose  name  has  long  been  celebrated  in  connexion  with 

the  art  of  photography,  has  described  on  instmment  by  which  a  single 

Eictnrc  is  made  to  simulate  the  appearance  of  soliiUty,  and  be  states  that 
T  means  of  this  arrasgement  a  nomber  of  penon*  may  obaerre  the 
effect  at  the  same  time.  The  apparatna  reqoiied  ta  mj  nmpla^  oon- 
■ifting  of  a  laigc  double  convex  lens,  and  a  sc    -'-•—-■■ 
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objeoi  A«  Fig.  360,  is  bigUy  fllnminatod,  and  ^beed  in  ilie  CmB  of  i 
double  ocm?cx  lens  m,  when  an  image  of  tlie  obf|cei  is  pnijeoted,  and  wiS 


Ffg.Sao.  The  iCareomflnofloape. 

be  foTuid  suspended  in  the  air  in  the  conjugate  focos  of  the  lens  at  c, 
and  from  this  point  the  rays  of  light  will  diverge  as  from  a  real  okneet, 
which  will  be  seen  by  separate  spectators  at  d  D  and  b  b  ;  and  if  the 
screen  of  ground  glass  is  pbiced  at  g  o,  the  imi^  will  appear  with  aU 
the  effect  of  length,  breadth,  and  depth,  which  belong  to  solid  bodies. 
(1%.  360.) 

An  ima^  formed  on  ground  glass  in  this  manner  can  be  seen  only  in 
the  direction  of  the  incident  rays,  and  the  stereoscopic  effect  ia  not 
apparent  when  tiie  ima^  is  received  on  a  calico  or  transparent  screen,  on 
account  of  the  rays  being  scattered  in  all  directions. 

XYI.  The  Stereomoicope, 

This  arrangement  is  an  important  modification  of  the  other,  and 
consists  of  a  screen  of  ground  glass  (a  b,  Fig.  361),  and  two  oonvex 
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whh&tstoke'b  fseudosoope. 


lensca  (c  d,  and  ■  i)  unngcd  in  aneh  a 
images  of  the  Bterecscopio  pictuie*,  o  i 


Rt  the 


that  thcf  will  pn^eot 
e  Buae  point  on  the 


rii.,  tbe  focui  of  the  two 
„    ,  .      «n  oulf  in  the  direction  of  its 

own  njt,  it  follows  that  if  the  ejes  are  so  placea  that  each  receirei  the 
impresaion  of  one  stereoMxipio  picture,  the  two  images  most  coalesce, 
and  ft  stereOMopio  effect  vUl  be  tbt  resalt,  as  is  apparent  at  k  k  and 
L  L ;  so  that  sereral  person*  mv  loo^  at  the  stereoscope  at  one  time. 
(Fig.  361.) 

XVII.  Tie  Pteidoieope. 
This  cartons  optical  instrument,  as  its  naoie  implies,  prodnces  a  fal^ 
imafre  bj  the  rtfractiog  power  of  prisms,  and  is  toe  ittTeution  of 
Professor  Wbeslatoue.  When  used  with  both  ejes,  the  same  as  tbe 
stereoeoope,  it  inverts  the  relief  of  a  solid  bod;,  and  makes  it  appear 
eucti;  at  if  it  were  an  intaglio,  or  sunk  beneath  the  line  snrronndiiig  it. 
For  instance,  a  terrestrial  globe  when  looked  at  throngh  the  pseudoscope 
appears  to  be  concave,  instead  of  convex.  A  vase  with  raised  ornaments 
upon  it  looks  as  if  itliad  been  turned  (to  itvctse  the  usual  eipression] 


386  bot's  platbook  of  sgiekob. 

ontoide  in,  and  the  whole  of  its  oonyexitj  is  tamed  to  ooncavitr; 
and  of  course  a  face  seen  onder  these  circumstances  looks  fery  curious. 
(Fig.  362.)  The  cause  is  perhaps  somewhat  difficult  to  understand ; 
but  by  taking  other  and  more  simple  eiamples  of  the  same  effect,  the 
principle  may  be  gradually  comprehended. 

Sir  David  Brewster,  in  his  "  Letters  on  Natural  Magic,"  remarks 
that  "one  of  the  most  curious  phenomena  is  that  fahe  pera^tioa  is 
vision  by  which  we  conceive  depressions  to  be  elevations,  and  elevations 
depressions— or  by  which  intaglios  are  converted  into  cameos,  and 
cameos  into  intaglios.  This  cunous  fact  seems  to  have  been  observed 
•t  one  of  the  early  meetings  of  the  Royal  Society  of  Londcm,  when 
one  of  the  members,  in  looking  at  a  guinea  through  a  compound 
microscope  of  new  construction,  was  surprised  to  see  the  head  upon 
the  coin  depressed,  while  other  members  could  only  see  it  embossed,  as 

it  really  was Tlie  best  method  of  observing  thb  deception 

is  to  view  the  engraved  seal  of  a  watch  with  the  eye-piece  of  an  achro- 
matic telescope,  or  with  a  compound  microscope,  or  any  combination 
of  lenses  which  inverts  the  objects  that  are  viewed  through  it ;  a  singk- 
convex  lens  will  answer  the  purpose,  provided  we  hold  the  eye  six  or 
eight  inches  behind  the  image  of  the  seal  formed  in  its  conjugate  focus.** 

After  bringing  forward  various  interesting  experiments  in  farther 
explanation  oi  the  cause.  Sir  D.  Brewster  states  it  to  be  his  belief  that 
the  illusion  is  the  result  of  an  operation  of  our  own  minds,  whereby 
we  judge  of  the  forms  of  bodies  oy  the  knowledge  we  have  acquired  of 
light  and  shadow.  Hence,  the  illusion  depends  on  the  accuracy  and 
extent  of  our  knowledge  on  this  subject ;  and  while  some  persons  are 
under  its  influence,  Cihers  are  entirely  insensible  to  it.  This  statement 
is  borne  out  by  experience,  as  the  author,  whilst  Eesident  Director  of 
the  Polytechmc,  had  four  of  Wheatstone's  pseudosoopes  placed  in  the 
gallery,  with  proper  objects  behind  them ;  and  he  frequentlv  noticed 
tnat  some  visitors  would  look  through  the  instrument  ana  see  no 
alteration  of  the  convex  objects,  whilst  others  would  shout  with  deHght, 
and  call  their  friends  to  witness  the  Strang  metamorphosis,  who  in 
their  turn  m^ht  disappoint  the  caller  by  bemg  perfectly  insensible  to 
its  strange  effects. 

The  pseudo-effects  of  vision  are  not  confined  to  the  results  already 
explained,  but  are  to  be  observed  especially  whilst  travelling  in  a  cottdi, 
when  the  eyes  may  be  so  fixed  as  to  give  the  impression  of  movement  to 
the  trees  and  houses,  whilst  the  coach  appears  to  stand  still.  In  railway 
carriages,  after  riding  for  some  time  ana  then  coming  to  a  stand  still,  if 
another  train  is  set  slowly  in  motion  by  the  one  at  rest,  it  frequeatly 
happens  that  the  latter  appears  to  be  moving  instead  of  the  former. 
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CHAPTER  XXIV, 

THE  ABSOBPTION  OP  LIGHT. 

The  analysis  of  light  has  been  explained  in  a  previous  chapter,  and  it 
has  been  shown  how  the  spectrum  is  produced.  Colour,  however,  may 
be  obtained  by  other  means,  and  the  property  enjoyed  by  certain  bodies, 
of  absorbing  certain  coloured  rays  in  preference  to  others,  offers  another 
mode  of  decomposing  light. 

Until  ver^  recent  times  red,  yellow,  and  blue  have  been  regarded  as 
the  three  primary  colours.  But  the  investigations  of  Helmholtz  have 
shown  that  this  choice  has  been  based  upon  a  consideration  of  painters* 
pigments,  and  not  of  coloured  light.  He  has,  therefore,  found  reason 
to  name  red,  green,  and  violet  as  primaries.  For  further  information 
upon  this  matter  the  reader  must  refer  to  the  works  of  Hehnholts ;  or 
to  Professor  Tyndall's  recent  lectures  upon  light.  The  subject  is  rather 
too  abstruse  to  warrant  its  introduction  here. 

Connected  with  this  property  is  the  remarkable  effect  produced  by 
coloured  light  on  ordinary  colours,  and  the  sickly  hue  cast  upon  the 
ghost  in  a  melodrama,  or  the  fiery  complexion  imparted  to  the  hair 
of  Der  Freischutz,  or  the  jaundiced  appearance  presented  by  every 
member  of  a  juvenile  assembly  when  illuminated  with  a  yellow  light 
from  the  salt  and  burning  spint  of  "  snapdragon,"  are  too  well  known 
to  require  a  lengthened  description  here. 

If  a  number  of  colours  are  painted  on  cardboard,  or  groups  of  plants, 
flowers,  flags,  and  shawb,  are  illuminated  by  a  mono-chromatic  li(;ht,  and 
especially  the  light  procured  from  a  large  iow  torch  well  supplied  with 
salt  and  spirit,  the  effect  is  certainly  very  remarkable ;  at  the  same  time 
it  shows  now  completely  substances  owe  their  colour  to  the  light  by 
which  they  are  illuminated,  and  it  also  indicates  why  ladies  cannot 
choose  colours  by  candle-light,  unless  of  course  they  propose  to  wear 
the  dress  only  at  night,  when  it  is  quite  prudent  to  see  the  colours  in 
a  room  lit  with  gas ;  and  this  fact  is  so  well  known  that,  at  the  chief 
drapers,  a  darkened  room  lit  with  gas  is  provided  during  the  daytime  to 
enaole  purchasers  of  coloured  dresses  to  judge  of  the  (^ect  of  artificial 
light  upon  them.  Whilst  the  flowers,  &c.,  are  lighted  up  with  the  veilow 
light,  a  magical  change  is  brought  about  by  throwing  on  suddenly  the 
rays  from  the  oxy-hydrogen  light,  when  the  colours  are  again  restored ; 
or  if  the  latter  apparatus  is  not  ready,  the  combustion  of  phosphorus  in 
a  jar  of  oxygen  will  answer  the  same  purpose.  The  light  obtained  from 
the  combustion  of  gas  affords  an  excess  of  the  yellow  or  red  rays  of 
light,  which  causes  the  difference  between  candlelight  and  daylight 
coloars  already  alluded  to. 

co2 
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CHAPTER  XXV. 

THE   UTFLECTION  0&  DIFF&A.CnON  OF  LIGHT. 

Ih  this  part  of  the  subject  it  is  absolutely  neoessaiy  to  return  to  (lie 
theory  of  undulations  with  which  the  present  subject  was  oonuneooed. 
The  inflection  of  li^ht  offers  a  third  method  by  which  rays  of  light  may 
be  decomposed  ana  colour  produced.  The  phenomena  are  extremely 
beautiful,  although  the  explanation  of  them  ia  abnost  too  intricate  for  a 
popular  work  of  this  kind. 

The  cases  where  colour  is  produced  b;^  inflection  are  more  numerous 
than  might  at  first  be  supposed;  thus,  if  we  look  at  a  gaslig^ht  or  the 
setting  sun  through  a  wire  gauze  blind,  protecting  the  eye  with  a  li^ 
tank  of  dilute  ink,  a  most  beautiful  coloured  cross  is  appazeat.  An 
extremely  thin  film  of  a  transparent  matter,  sudi  as  a  little  naphtha  or 
varnish  cuopped  on  the  surface  of  warm  water  or  soap  bubbles,  or  a  Yerj 
thin  film  of^glass  obtained  by  blowing  out  a  bulb  of  red-hot  glass  till  it 
bursts,  or  an  exquisitely  thin  plate  of  talc  or  mica»  all  present  the 
phenomena  of  colour,  altnoufh  tney  are  individually  transparent,  and  in 
ordinary  thicknesses  auite  colourless. 

Sir  Isaac  Newton  brought  his  powerful  intellect  to  bear  on  these 
facts,  and  as  a  preliminaiy  step  invented  an  instrument  for  measuring 
the  exact  thickness  of  those  tnmsparent  substanc^  that  afforded  cobur, 
and  the  apparatus  displaying  Newton's  rings  is  still  a  favourite  optical 
experiment.    It  consists  of  a  plano-convex  lens,  a.  (Fig.  363)  a  slice. 


B 

Fig.  863.  The  two  lenaei,  with  tha  plate  or  film  of  air  between  tban,  and 
aeren  coioared  rings  wlien  the  lenaes  are  brought  lolBdently  doee  to/adi  otfier  bj  the 
aorewi. 

as  it  were,  from  a  globe  of  glass  twenty-ei^ht  feet  in  diameter,  or  the 
radius  of  whose  convex  surface  is  fourteen  feet.  This  plano-convex  lens 
is  placed  on  another  double  convex  lens,  b.,  whose  convex  surfaces  have 
a  nhdius  of  fifty  feet  each,  consequently  the  lenses  are  veiy  shallow,  and 
the  space  (c  c)  included  between  tliem  being  filled  with  air,  can  of  course 
be  accurately  measured.  (Fig.  363.)  It  is  usual  to  mount  the  lenses  in 
brass  rings  which  are  brought  together  with  screws,  when  the  most 
bMutiful  coloured  rings  are  apparent,  and  are  produced  by  tiie  extreme 
thinness  of  the  film  or  plate  or  air  enclosed  between  the  two  lenses ;  and 
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the  rel&iiye  thicknesses  of  the  plates  of  air  at  which  each  coloured  light 
is  reflected  are  as  follows : — 


Eed      .    .    .    . 

133 

10  millionths  of  an  inch 

Orange      .    . 

.    120 

Yellow.    .    . 

.    113i 
.    105i 

Green  .    .    .    . 

Blue     .    .    .    . 

98 

Indigo  .    .    .    < 

.      92i 

Violet  .    .    .    , 

83i 

By  dividing  an  inch  into  ten  millions  of  parts,  and  bj  taking  133  of  such 
parts,  the  thickness  of  the  film  of  air  required  to  reflect  tue  red  ray  is 
obtained,  and  in  like  manner  the  other  colours  require  the  minute  thick- 
nesses of  air  recorded  in  the  table  above.  When  the  thickness  of  the 
film  of  air  is  about  lyilhflodths  of  an  inch,  the  colours  cease  to  become 
▼isible,  owing  to  the  umon  of  all  the  separate  colours  forming  white 
light,  but  if  the  Newton  rings  are  produced  in  mono-chromatic  light, 
then  a  greater  number  of  rings  are  apparent,  but  of  one  colour  only, 
and  alternating  with  black  rings,  »>.,  a  dark  and  a  vellow  succeeding 
each  other ;  this  fact  is  of  great  importance  as  an  illustration  of  the 
undulatory  theory,  and  demonstrates  the  important  truth,  that  tiffo  rays 
ofliahi  may  interfere  with  each  other  in  such  a  manner  a$  to  produce 
darkness. 

Sir  Dayid  Brewster  remarks  that,  "From  his  experiments  on  the 
colours  of  thin  and  of  thick  plates,  Newton  inferred  that  they  were 
produced  by  a  singular  property  of  the  particles  of  light,  in  yirtue  of 
which  th^  possess,  at  different  ])oints  of  their  paths, /{/«  or  dispositions 
to  be  reflected  from  or  transmitted  by  transparent  Dodies.  Sir  Isaac 
does  not  pretend  to  explain  the  origin  of  these  JUs,  or  the  cause  which 
produces  them,  but  terms  them^f  of  transmission  Kadjfts  of  reflexion** 
Sir  Isaac  Newton  objected  to  the  theoiy  of  undulations  because  ex- 
perimraits  seemed  to  show  that  light  could  not  travel  through  bent  tubes, 
which  it  ought  to  do  if  propagated  by  undulations  like  sound ;  and  it  was 
reserved  for  the  late  Dr.  Younff  to  prove  that  li^ht  could  and  would  turn 
a  comer,  in  his  hishly  philosophical  experiments  illustrating  the  inflection 
or  bending  in  of  tne  rays  of  bsht. 

Dr.  Young  placed  before  a  hole  in  a  shutter  a  piece  of  thick  paper 
perforated  witn  a  fine  needle,  and  receiving  through  it  the  diverging 
Deams  on  a  paper  screen,  found  that  when  a  slip  of  cardboard  one- 
thirtieth  of  an  inch  in  breadth  was  held  in  such  a  beam  of  %ht,  that 
the  shadow  of  the  card  was  not  merely  a  dark  band,  but  divmed  into 
light  and  dark  parallel  bands,  and  instead  of  the  centre  of  thp  shadow 
bein^  the  darkest  part,  it  was  actually  white.  Dr.  Young  ascertained 
that  if  he  intercepted  the  light  passing  on  one  side  of  the  sHp  of  card 
with  any  opaoue  oody,  and  allowed  the  light  to  pass  freelv  on  the  other 
side  of  the  slip  of  cardboard,  that  all  the  bands  and  the  white  iMind 
in  the  centre  disappeared,  and  hence  he  concluded  that  the  bands 
or   fringes   within   the  shadow  were  produced   by  the   interference 
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tfiU  rofi  bml  Mo  tie  tiaJoiB  by  ot  tide  of  tie  card,  wifktis  rmf  fa^ 
M/o  tlB  tladoK  Bf  tit  Olier  tide.  (Fig.  361). 


nc.sM. 

Id  ordef  to  shov  hotr  two  wavea  ma;  interfere  so  u  to  exalt  or  destroT 
each  other,  tvo  sets  of  v&yea  may  be  propagated  on  the  surface  of  a  still 
tank  or  bath  of  water,  from  tlie  two  points  a.  a  (Fig.  364),  the  black 
lines  or  ciiclea  representing  the  tops  of  the  waves.  It  will  be  seen 
that  along  the  lines  b  b  the  waves  interfere  just  half  way  between  each 
other,  so  that  in  all  these  directions  there  will  be  a  smooth  sorface, 

Eirided  each  set  of  waves  is  prodnoed  bj  precisely  the  same  d^ree  (rf 
turbing  force,  ho  as  to  be  perfectly  eqaal  and  auke  in  eveir  Kspocit, 
and  the  first  wave  of  one  set  exactly  halt  a  wave  in  advance  of  the  first 
wave  of  the  other,  while  at  the  curve  in  the  direction  of  all  the  line  c  c, 
the  wavw  coincide,  and  produce  elevations  or  undulations  of  double 
extent ;  in  the  intermediate  spaces,  intermediate  effects  will,  of  coarse, 
be  prodnced. 

Professor  Wheatstone  has  invented  some  vei;  simple  and  beaatifa] 
aoonstic  appnrains  for  the  purpose  of  proving  that  the  same  laws  of 
intetference  exist  also  in  sound,  wtiii^  as  already  stated,  consista  io 
the  vibrations  or  andalation  of  the  partidea  of  air. 
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The  xi»lv«  and  effects  of  inierlerenoe  are  also  admirabhr  illvstated 
by  the  following  models  of  Mr.  Charles  Woodward,  Prefiuient  of  the 
Islington  Scientific  Institutioii,  and  to  whom  we  hare  already  alluded. 


M 


Fig.  866.— No.  1.  A  model  of  wavM  with  moreable  rodi.— No.  2.  A  model  of  flied  waTOi.— 
No.  3.  Intenilty  of  waref  doubled  by  fba  ■nperpocHion  and  ednddence  of  two  equal 
■Tstema.— No.  4  warea  neatralixed  by  tlie  toperaotition  and  Interferenoe  of  two  eqaal 
iiyitema,  the  raiaed  part  of  one  wave  aooorately  fltUnff  iuto  «nd  makJnr  amooth  the  hoUow 
of  the  other,  lUostrating  the  Out  that  two  wavea  of  light  or  sound  may  deatroy  each  other. 

Eettimmg  again  to  the  coloured  rings,  we  find  that  Newton  discovered 
that  at  whatever  thickness  of  the  film  of  air  the  coloured  ring  first  ap- 
peared, there  would  be  found  at  twice  that  thickness  the  dark  ring,  at  three 
times  the  coloured,  at  four  times  the  dark,  and  so  on,  lAe  coloured  ringt 
regularly  occurring  at  the  odd  numbers,  and  the  dark  ons$  at  the  even 
numbers.  This  discoveir  is  well  illustrated  bv  the  models  (Fig.  365) ;  and 
it  maybe  noticed  at  No.  3  that  the  highest  and  the  lowest  piula  of  the  waves 
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mletfere,  )mt  oaindde  and  prodooe  %  w»*e  of  doobte  intoiaitj;  Uie  liUk 
ocMMfl  of  tlie  upper  model  are  in  a  itrai^t  line  irith  tho  niunlMn  1,  S, 
6,  7,  and  are  inppoaed  to  reprewnt  the  oolonnd  rinsa,  vhiltt  in  No.  i 
tlienpperseiie«of  va*«isbslf  aDnndii]»tionuiHUanDeortheknm; 
and  il  the  eje  is  agsin  directed  from  the  little  croBsee  downwvd,  the 
figures  8,  ^,  6,  8,  even  nnmbera,  are  apparent,  aod  repreaent  the  diik 
nngs,  when  the  vaveB  of  light  deatro;  each  other.  Tbe  phenomena  of 
thin  plates,  snob  as  colonn  from  soap  babbles,  and  the  fi&is  of  TBniish, 
are  veil  explained  b;  the  law  of  interferenoe.  The  lirht  reflected  &om 
the  second  surface  of  the  film  of  air  (vhich  miut  of  comae,  hMrem 
thin,  have  two  surfaces,  vii.,  a  upper  and  a  lower  one)  interfeica  inth 
the  light  reflected  from  the  first,  and  as  the;  come  from  different  pointi 
ofapaoe,onesetofwaTesis  tnadTauceoftlieotber,No.  4^7ig.  36j;  Ukj 


PJ(.IM,  Ap[i*uia»  aTNttrton'i  rliifi  when  nodiuiad  in  ftfow  U«lit,  l,l,t,T>briif 
lli«yillinrlbwi,udl.  A  S,  S,  IhedukclDn.  Ligtit  bj  the  odd  nnmbBW  ■  iWtiiMt| 
Utt  arcn  anniEw*.    Tlw  MBtnl  ipot.  when  Um  (wo  lurikuei  an  la  aoutaet,  b  t»A 

reach  tho  eye  with  different  lengths  of  paths,  and  br  their  Mer^raa 
form  altenuitel][  the  Innunous  and  dark  &ing«s,  oands,  or  cinilr& 
Bridge's  diSracuon  apparatus,  manufactured  ouj  bj  EUiott  Brother), 
offers  itself  specially  aa  a  most  beautiful  drawing-room  optical  instia- 
ment.  The  purpose  of  this  apparatus  ia  to  illiiatmte  in  great  TarietJ, 
■nd  in  the  most  conTcnisnt  and  coio^t  form,  the  phenomena  of  tM 
diffraction  or  interference  of  light.  Thia  is  attained  b;  the  asaistanas 
of  photograpbj.  Transparent  apertures  in  an  opaque  collodion  film  *is 
prodnoed  on  glaas,  and  a  point  of  light  is  ?iewed  through  the  ap^nre*. 
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ms  of  the  epertnres  are  eioeeduRlj  Tarious, — tmnries,  squares, 
ellipses,  parabolas,  bjpcrbolas,  and  combiuatioiu  of  them,  besidea 
igtaea  o(  fanciful  forms,  are  included  in  the  set.    When  an 


The  forms  of  the  apertures 
circles,  ellipse  '  '     ' 

maDj  Scares 

imaf^  (tf  the  sua  is  vieired  through  these  apertures,  figures  of  extra- 
orduiarj  beautj,  both  of  form  and  colour,  are  produced ;  uid  of  each 
of  the»«  man?  Tsriations  maj  be  obtained  b;  placing  the  m-glass  of 
the  telescope  at  differeot  distances  from  the  oDject  glass.  Man;  of  the 
fifirores  produced,  espcciall;  when  the  telescope  is  out  of  focus,  might 
surest  Tcry  useful  hints  to  those  concerned  in  designing  patteras. 
AMoogh  the  phenomena  are  chieS  j  of  interest  to  the  student  ol  science, 
in  oonsequcnee  of  their  bearing  oa  theories  of  light,  jet  tbeir  beauty  and 
T&ris^reuder  them  amusing  t«  alL  A  ttvf  words  on  the  mode  of  nsii^ 
the  tqtparatus  maj  be  of  senice.  (i'ig.  367.) 


Fig.  107,    ElUoll  Bntlwn' dUtMotlcin  Vfantu, 

Choose  a  verj  bright  day,  for  then  only  can  the  apparatus  be  used. 
FlaM  the  mirror  in  uic  sun,  and  let  the  light  be  reflected  on  the  hack 
of  the  blackened  screen.  The  lens  which  is  inserted  into  this  screen 
will  then  form  an  exceedingly  bright  image  of  the  sua.  Then  at  the 
distance  of  not  less  than  tweErc  feet,  clanip  the  telescope  to  a  table  in 
such  a  position  as  to  view  the  image  thus  fonced.  Put  the  eccentric 
cap  on  the  end  of  the  telescope,  clean  the  glass  objects  carefuUv,  and 
attach  the[n  to  the  cap  so  that  they  may  be  turned  each  in  order  before 
the  telescope.  In  this  manner,  ul  those  which  consiat  of  a  series  of 
figures  may  be  viewed.  Then  detach  the  eccentric  cap,  and  rephkoe  it 
by  the  other.  Into  it  place  any  of  the  single  objects.  In  viewing  some 
o!  the  figures,  brightness  is  advantageous— in  others,  delicacy ;  m  the 
former  case,  let  the  lens  of  long  focus  be  inserted  in  the  screen — in  the 
Utter  cue,  that  of  shorter  focus.  In  every  case,  let  the  phenomena  be 
observed  not  only  when  the  telescope  is  in  focus,  but  also  when  the 
eye-glass  is  pushed  in  to  various  distances. 

}/b.  Warren  de  la  Rue  has  ingeniously  taken  advantage  of  the  colonis 
prodooed  by  thin  fihns  of  vamisfa,  and  actually ^aj  thelovely  iridescent 
coloor  produced  in  that  manner  on  highly  polished  paper,  which  is 
termed  "  iridescent  paper."    A  tank  of  warm  water  at  S(r  Fahr.,  aboot 
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■ix  inchcfl  deep,  ind  two  feet  six  inchea  BquK,  is  prorided,  and  a  h^bh 
glued  sheet  of  wliite  oi  black  paper  being  fint  vetted  on  a  peifbnted 
metallio  plate,  is  then  sunk  with  the  plate  below  it*  inrfaM^  eue  haug 
taken  to  avoid  air  bnbbles.  A  peonliar  TBrnish  ia  then  allowed  to 
triekle  bIowIj  down  a  sort  of  tongue  of  metal  placed  in  the  middle  irf 
one  of  the  sides  of  the  tank,  and  direott;  the  vamish  touches  the  surtatx 
of  the  water  it  begins  to  spread  out  in  eiqnisitel;  thin  films,  and  bj 
watcluDg  the  operation  close  to  a  window  and  akimming  awaj  all  IIm 
imperfect  films,  a  perfect  one  is  at  last  obtained,  and  at  that  moment  the 
paper  Ijing  on  the  metal  plate  is  raisedfrom  the  bottom  of  the  tank,  and  the 
delicate  mm  of  vamish  secnred.  When  drj,  the  iridescent  colonis  are 
^tparent,  and  the  paper  is  emplojed  for  manj  ornamental  purposes. 
An  eitremetj  simple  and 
pretty  method  of  prodneing 
Newton's  rings  has  been  in- 
Tented  by  Eeade,  and  is  called 
"  Reade's  irisoope."  A  plate 
of  glass  of  any  shape  (pen^* 
cirralar  ia  the  beat)  is  paiiled 
on  one  side  with  aome  qajiiij 
dijing  Uack  paint  or  Tarnish, 
and  Mlei  the  other  side  hai 
,  been  cleaned,  it  ia  then  rnbbcd 
>  over  with  a  piece  of  wet  soap, 
and  this  is  robbed  off  with  a 
clean  soft  duster.  A  tnbe  of 
about  half  an  inch  in  diameter, 
and  twclTc  inches  long,  is  pro- 
vidMl,  and  ia  held  aMat  oae 
inch  above  the  centre  of  the  soaped  side  of  the  glass  plate,  and  diicctlj 
the  breath  is  directed  down  the  tnbe  on  the  glass,  an  immense  number 
of  minnte  particles  of  moisture  am  depositea  on  the  daas,  and  these  br 
inflection  decompose  the  light,  and  all  the  colours  of  the  rainbow  arc 
produced.  (Fig.  368.) 

The  iriducent  colours  seen  npon  the  surface  of  moUer-o/-pearl,  whicl 
Mr.  Simouds'  excellent  commercial  dictionary  tells  us  ia  "  the  name  for 
the  iridescent  shell  of  the  pearl  oyster,  and  other  molluscs,"  are  refer 
riUe  to  fine  parallel  lines  formed  ny  it«  texture^  and  are  reproducibU, 
according  to  Brewster's  experiments,  by  taking  impressions  of  them  to 
soft  wax.  The  eorgeous  coUiurs  of  certain  shells  and  fish,  the  feathas 
of  birds.  Barton  s  Bteel  buttons,  are  not  due  to  any  inherent  pigment  or 
eolooring  matter  that  could  be  extracted  Irom  them,  but  are  owing  bjUkt 
to  thepeculiarSbrous,  orparallel-iined,  or  laminated  (plate-like)  surface 
upon  Which  the  light  falls,  and  being  reflected  in  patha  of  different  length), 
interference  ooctus,  and  coltiored  ught  is  produced. 
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CHAPTER  XXVI. 


THE  POLABIZATION  OF  LIGHT. 


This  branch  of  the  phenomena  of  light  includes  some  of  the  most 
remarkable  and  {;orgeons  chromatic  effects ;  at  the  same  time,  regarded 
philosophically,  it  is  certainly  a  most  difficult  subject  to  place  in  a 

{mrelT  elementary  manner  before  the  youthful  minds  of  juvenile  phi- 
osopbers,  and  unless  the  {jrevious  chapter  on  the  diffraction  of  light  is 
carefully  examined,  the  rationale  of  the  illustrations  of  polarized  light 
will  hardly  be  appreciated.  We  have  first  to  ask,  "  What  is  polarized 
light  P"  The  answer  requires  us  again  to  carry  our  thoughts  back  to 
the  consideration  of  the  undulatory  theory  of  light,  alreaoy  illustrated 
and  partly  explained  at  pages  dOS,  390. 

After  perusing  this  portion  of  the  subject,  it  might  be  considered 
that  waves  of  light  were  constituted  of  one  motion  onlv,  and  that  an 
undulation  might  be  either  perpendicular  or  horizontal,  according  to 
circumstances.  (Fig.  369.) 


-Ar\/rLAy\y 


No.l. 


No.  2. 


This  simple  condition  of  the  waves  of  light  could  not,  however,  be 
reconciled  theoretically  with  the  actual  facts,  and  it  is  neoessaiy  in 
regarding  a  ray  of  light,  to  consider  it  as  a  combination  of  two  vibrating 
motions,  one  of  which,  for  the  sake  of  simplid^,  may  be  conndcred  as 
perpendienlar,  and  the  other  horizontal;  and  tnis  idea  o£  the  ntttnre  of 
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ooMidering  the . 

double  refnction,  first  proposed  the  theory  of  tniiaTeml  (l 


vibraticHi.  Di.  YooD^  illoBtnited  his  tbeocY 
which  if  wtaUd  or  violeatlv  shaken  peipenmi. 
that  ran*  dons  the  cord  to  the  other  en^  and  iom  Me  often 


with  a  atretclied  coH, 
[calarlr,  producea  a  waie 


rbuue;  with  high  boshes;  the  bi  ^ 
resael  bj  a  rope,  would  be  coBtmuallj 


troted  on  the  ranks  of  a  river  orerhuii 

who  drive  the  horses  pulline  the  vesat.  ,j ^-, ^ 

stopped  by  the  stunted  thicV  bushes,  but  directly  they  approach  them, 
the^  eivc  the  horse  a  lash,  and  then  violently  agitate  the  rope  Teitically, 
which  is  thrown  into  waves  that  pass  along  the  rope^  and  clear  the 
bashes  in  the  most  perfect  manner.  (Fig.  370.) 


Now  if  a  similar  moTcment  is 
with  the  stretched  rope  from  risht  to 
left,  another  wave  will  be  prodoced, 
which  will  run  along  the  cord  in  in 
hoiiEontal  position,  and  if  the  latin 
is  compared  with  the  perpendicuUr 
B  undulBUon,it  willbeevident  that  oA 
set  of  waves  will  be  in  planes  at  lipit 
angles  to  and  independent  of  wi 
other.  This  is  supposed  to  be  the 
mecfcaniam  of  a  wave  of  oomman  ligbt, 
so  that  if  a  section  is  taken  of  snc^ 
an  undulation,  it  will  be  reprMmttd 
by  a  circle  a.  B  c  d  (Fig.  371),  with 
two  diameteia  A  B,  and  c  d;  ora  bettet 
meofeMical  notion  of  a  wave  of  cod- 
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mon  light  is  acquired  from  the  inspeotion  of  another  of  Mr.  Woodward'i 
curdlxMurd  models.  (Eig.  372.) 


Fig.  872.   ModdofftwBfeofooiiuiioiiUgfat. 

The  existence  of  an  altenuUiM  motion  of  some  kind  at  minute  intenrals 
along  a  ray  is,  sajrs  Professor  ]£iden  Powell,  "as  real  as  the  motion  of 
tranuation  by  wmch  light  is  propagated  throujg;h  space.  Boih  must 
essentially  be  combined  in  any  correct  conception  we  form  of  light. 
That  this  alternating  motion  must  have  reference  to  certain  directions 
irafuverse  to  that  of  the  ray  is  equalljr  established  as  a  consequence  of 
the  phenomena;  and  these  two  principles  must  form  the  basis  of  any 
explanation  which  can  be  attempted."  A  beam  of  common  light  is 
therefore  to  be  regarded  as  a  rapid  succession  of  systems  of  waves  in 
which  the  vibrations  take  place  in  different  planes. 

If  the  two  systems  of  waves  are  separated  the  one  from  the  other, 
viz.,  the  horizontal  from  the  perpendicular,  they  each  form  separately 
a  ray  of  polarized  light,  and  as  rresnel  has  remarked,  common  light  is 
merely  potarized  light,  having  two  planes  of  polarization  at  right  angles 
to  each  other.  To  follow  up  the  mechanical  notion  of  the  nature  of 
polarized  light,  it  is  necessary  to  refer  again  to  Woodward's  card 
wave  model  (Fig.  372),  and  by  separating  the  two  cards  one  from 
the  other  it  may  be  demonstrated  how  a  wave  of  common  light  reduced 
to  its  skeleton  or  primary  form  is  reducible  into  two  waves  of  polarilzed 
light,  or  how  the  two  cards  placed  together  again  in  a  transversal  position 
form  a  ray  of  common  light.  (Fig.  373.) 


No.  1. 


No.  3. 


No.  8. 


A 


A.h 


HB 


\ 


Fig.  373.— No.  1.  OommoD  Uffht,  made  np  of  tho  two  waTM  of  polarked 

Ught^  Nos.  2  and^ 

The  query  with  respect  to  the  wture  of  polarized  light  bein^  answered, 
it  is  necessary,  in  the  next  pkce,  to  consider  how  the  separation  of  these 
transversal  vibrations  may  be  effected,  and  in  fact  to  ask  what  optical 
arrangements  are  necessary  to  procure  a  beam  of  polarized  U^ht  ?  liight 
may  &  polarized  in  four  different  ways — ^viz.,  by  reflection,  single  refrac- 
tion, double  refraction,  and  by  the  tourmaline^  viz.,  by  alyoiption. 
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Poiaruaium  by  R^fleeium,  and  by  Su^le  Be/raeiitm, 

In  the  ^ear  1810,  the  celebrated  French  philosopher,  Mons.  Mains, 
while  looking  through  a  prism  of  Iceland  spar,  at  the  light  of  the  setting 
son,  reflect^  from  the  windows  of  the  Liixembar^  palace  in  Paris, 
discovered  that  a  beam  of  light  reflected  from  a  p&te  of  glass  at  an 
angle  of  56  degrees,  presented  precisely  the  same  {properties  as  one  of  Die 
rays  formed  by  a  rhomb  of  Iceland  spar,  and  that  it  was  in  fact  polarized. 
One  of  the  transversal  waves  of  polarized  light  of  the  common  lig^t, 
being  reflected  or  thrown  off  from  the  surface  of  the  glass,  whilst  the 
other  and  second  transversal  vibration  passed  through  the  plate  of 
glass,  and  was  likewise  polarized  in  another  plane,  but  l>y  Hngte  r^ne- 
Hon,  so  that  the  experiment  illustrates  two  of  the  modes  of  polansng 
light — ^viz.,  bv  reflection,  and  by  single  refraction.  This  importaQt  ele- 
mentary truth  is  beautifully  illustrated  by  Mr.  J.  T.  Goadard's  nev 
form  Of  the  oxy-hydrogcn  polariscope,  by  which  a  beam  of  common 
light  traverses  a  long  square  tin  box  without  chan^ ;  but  directlj  a 
bundle  of  plates  of  glass  composed  often  plates  of  thm  flattened  crovn 
glass,  or  sixteen  plates  of  thin  parallel  ^lass  plates  used  for  microscopes, 
are  slid  into  the  box  at  an  angle  of  56^  45',  then  the  beam  of  oommoij 


Fig.  874<— No.  1.  ▲  Is  tlie  lime  Uglit.  b.  The  oondeneer  lenaes.  a  ThebeuD  of  i 
%fat.  Here  the  glass  plates  are  removed.— No.  2.  ▲.  Lime  light,  b.  The  oondeestr 
lenses,  o  c.  The  handle  of  plates  of  glass  at  an  angle  of  66"  45T  b  is  the  rar  of  ^^ 
polarised  by  reflection  firom  the  glass  plates,  o  c,  and  b  is  the  beam  of  polariaea  light  W 
single  nflraotion,  Ittving  passed  through  the  boadlaof  plates  of  gbua,  o  c. 
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light  is  split  ioto  two. 
beams  of  pokrized  light, 
inlucli  pnrsae  their  re- 
spective paths,  one  pass- 
ing bj  single  refractioQ 
through  the  glass,  and  the 
other  ))eing  reflected,  and 
rendered  apparent  bj 
opening  an  aperture  over 
the  gloss  plates,  and  then 
ag^n  bv  using  a  little 
smoke  from  brown  paper, 
the  course  of  the  lajs 
becomes  more  apparent.      <    .. 

TbG  same  tnitVu  weU  ^^^^^ 
illustrated   bj   the    card- 
board model  vave  and  a  woodea  plane  with  horizontal  and  perpendicular 
slits,  placed  at  an  angle  of  GC  45',  as  at  Fig.  376. 

roumzATioB  bt  dothile  befkictidn. 

Tlie  name  of  AmJb-refractiiig  or  leeland  Spar  is  given  to  a  vei^ 
dear,  limpid,  and  perfectly  transparent  minenil,  composed  of  carbo- 
nate of  lime,  and  fonnd  on  the  eastern  coast  of  Iceland.  Its  crystal- 
lorraphic  features  are  well  described  b;  the  Bev.  Walter  Mitchell 
innis  learned  work  on  mineralogj  and  ciystallograpb;,  and  it  is  suffi- 
cient for  the  object  of  this  article  to  state  that  it  crjstiiljizes  in  rhombs, 
and  modifications  of  the  rhomboidal  s^tem.  It  must  not  be  confounded 
with  rock  or  mountain  crjrtal,  which,  under  the  name  of  qnartz,  crvstal- 
iizes  in  six-sided  prisms  with  six-sided  piramidal  tops ;  quartz  oeing 
composed  of  silica,  or  silicic  acid  osd  calcareous  spar  of  carbonate  of 
lime.  Ver;  lar^  specimens  of  the  latter  mineral  are  rare  and  Taluable,  and 
the  lion  of  specimens  of  calcareous,  or  double-refracting  spar,  is  no«  in  the 
possession  of  Professor  Tennant,  the  eminent  mineralogist  of  the  Strand- 
It  is  nine  ijiches  high,  seven  and  three-quarters  inches  broad,  and  five 
and  a  half  inches  thick ;  its  estimated  raloe  being  1001.  This  beautiful 
specimen  has  been  photocranhcd,  and  its  etereofpaph  ilhistrates  in  a 
verv  striking  manner  the  double  refracting  properties  of  Uie  spar. 

U  a  printed  slip  of  paper  is  placed  betund  a  rhomb  of  Iceland  spar, 
two  images  of  the  former  are  apparent,  and  the  stereograph  alreadj 
alluded  to  shows  this  fact  very  pcrfectlj,  at  tbe  same  time  illustrates 
the  value  of  the  stereoscope.  Cjut  of  the  stereoscope  the  words  "  Stereo- 
scopic Masasbe  "  appear  doubled,  but  seem  to  he  in  the  same  plane; 
but  directfj  the  picture  is  placed  in  the  instrument,  then  it  is  clearlr 
seen  that  one  image  is  evidentW  in  a  verj  difTerent  plane  from  the  other. 
The  double-refracting  power  of  this  mberal  is  illustrated  bjf  holdine  a 
email  rhomb  of  Iceland  apsr,  placed  in  a  proper  brass  tube  before 
the  orifice  as  nt  Fig.  3!7,  from  which  the  rajs  of  commoD  Hght  an 
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pMuag ;  if  an  opaque  Bcreen  of  bnis  perforated  with  a  smalt  Wde  n 
intiodaced  behind  the  riiomb,  then,  matead  of  one  circle  of  Hghi 
b^b^  apparent  on  the  acieen,  tvo  are  produced,  and  both  tie  laji 
JMiiing  in  this  maaner  are  polanied,  one  being  termed  the  ordintiy  and 
the  other  the  extraordinary  ra;.  ^g.  S76.) 


nc.sn.   i.Tii»i._  ,.   

I«lMd  nu.    0.  Th*  eidliiiiT,  ud  a  Uu  uLnuiliuuT,  twj,  bodi  of  whUi  m  i/m^am 

The  poUriiing  property  of  the  rhomb  ii  perhapa  better  ihowa  far 
the  next  diuram,  where  a  b  repreaenta  the  obtnae  anglea  of  the  lodaad 
spar,  and  a  une  drawn  from  a  to  b,  would  be  the  axia  of  the  ajataL 
"as  incidental  n;  of  cozmon  light  is  shown  at  c,  and  the  oppoutelj 
polariced  transmitted  rays  called  the  ordinaij  raj  o,  and  extraordinaiy 
i»T  E,  emerge  from  the  opposite  face  of  the  rhomboid.  If  a  blaok  line  a 
ruled  on  a  aheet  of  paper  as  at  e  e.  and  eumtoed  bj  the  eje  at  c;  ft 
appears  double  aa  at  k  k  and  1 1.  (Fig.  377.) 


Theoardboaid  model  is  again  useful  in  demonatrating  the  polaiicaUaa 
>f  light  b;  double  refraction,  and  if  a  model  of  a  Aomb  of  loeland 
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spar  is  msde  of  glass  plates,  one  face  of  which  has  an  apeitnre  like  a 
oross,  and  the  otner  a  horizontal  and  perpendicular  slit,  as  at  Nos.  1 
and  2  (Fig.  378),  the  production  of  the  ordinary  and  extraordinary  rajs 
IS  demonstrated  in  a  familiar  manner,  and  is  easily  comprehended. 


]f*a 


flg.878.~No.  1.  Om  fboe  of  the  model  rhomb  to  admit  the  tmureml  Tlbntkm,  repra- 
Mnted  by  the  emrdboard  modeL— N«l  2.  The  oppoelte  fkce  of  the  rhomb,  from  whkui  iieae 
the  polanzed,  ordhaary,  end  extnordbaiy  raji.— Na  8.  Side  view  of  the  model. 

In  Newton's  "  Optics"  we  find  the  following  description  of  Iceland 
spar : — *'  This  crystal  is  a  i)ellucid  fissile  stone,  dear  as  water  or  crystal 
of  the  rock  |^quartz\  and  without  colour.  •  .  .  .  Being  rubbed  on  cloth 
it  attracts  pieces  ot  straw  and  other  light  things  like  amber  or  gUss,  and 
with  aquafortis  it  makes  an  ebullition If  a  niece  of  this  crys- 
talline stone  be  laid  upon  a  book,  every  letter  of  the  book  seen  through 
it  will  appear  double  by  means  of  a  double  refraction." 

FOLABIZATION  BT  THB  TGUBMALIKX. 

This  mineral  was  first  discovered  during  the  sixteenth  century,  in 
the  island  of  Ceylon,  afterwards  in  Brazil  and  since  that  period  at 
various  localities  m  the  four  quarters  of  the  globe.  In  the  Grevillian 
collection  purchased  many  years  ago  by  government  for  the  British 
Museum,  tnere  is  a  fine  specimen  of  red  tourmaline  valued  at  500/. 
The  green  tourmaline  is  named  Brazilian  emerdd,  and  the  Berlin  blue 
tourmaline  is  called  Brazilian  sapphire ;  the  mineral  chiefly  consists  of 
sand  (silica)  and  alumina,  with  a  small  quantity  of  lime,  or  potasii,  or  soda» 
boracic  acid,  and  sometimes  oxide  ox  iron  or  manffanese.  When  light 
is  passed  through  a  slice  of  this  mineral  it  is  immeolately  polarized,  one 
of  the  transversal  vibrations  being  absorbed,  stopped,  or  otherwise  dis- 
posed of,  the  other  only  emergmg  from  the  tourmaline,  conse(iuently  it 
IS  one  of  the  most  convenient  polarizers,  although  the  poUrized  light 
partakes  of  the  accidental  colour  of  the  minend.  Green,  blue,  and 
yellow  tourmalines  are  bad  polarizers,  but  the  brown  and  pixik  varieties 
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fact  that  rrhite  tcrannaline  d 


The  mineral  eijstalliies  in  long  prisms,  vhose  primitiTO  form  is  the 
obtuse  rhomboid,  h&ving  the  axis  puallel  to  the  ana  of  the  prism,  lie 
term  axis  with  retwenoe  to  the  earth,  aa  shown  at  page  16,  is  an 
imannarj  itMgle  liM  arouiid 
which  the  maas  rotates,  but  in  a 
crjatalit  means  a  tiMffltdimHo*. 
because  a  crystal  ia  made  np  of 
a  nimber  of  similar  ajstal^  each 
of  which  most  have  its  axis,  thus 
the  whitest  Carrara  marble  n- 
dnoed  to  fine  powder,  moistened 
with  water  and  placed  onder  a 
microscope,  ia  found  to  ctmaist 
oUeflj  of  minute  rbomboiils,  simi- 
lar to  calcareous  spar.  Tbt 
smallest  crystal  of  this  mineral  is 
divisible  again  and  withoat  limit 
into  other  rhombs,  each  of  whidi 
possesses  an  axis.  (Fig.  380.) 
If  a  plate  of  tourmaline  is  held 

•how  lb*  dlTUoD  of  the  Iik*  •'H*'^  inio  the  sun  (kke  the  gaj  jouth  m 
fcorollimaBdntuUBroiie^iaohofirliiohliM  Hogartb's  picture  who  is  being 
S.hta^h^'^.^^.5l'pSiu'S^toT?!i'^^  "Tested  whW  absorbed  with  the 
tiit,  eanuqiiaiuii  tin  tarm  ii  onplojed  BmiUj  wondcrs  of  a  tourmaltne,  whioi 
tatt.i.lunliiiimt»««.  was,  in  the  great  painter's  time,  a 

popular  curiosity,)  it  maj  be  tamed  round  in  all  directions  without  Ike 
alighteat  difference  in  the  appearance  of  the  light,  which  will  be  colonied 
b;  the  accidental  tint  of  the  crjstal,  but  if  a  second  slice  of  tourmalme 
ia  placed  behindtheother,  there  will  be  found  certain  directions  in  whidi 
the  light  passes  through  both  the  slices,  whilst  in  other  positiODS  the  light 
ii  oompletelj  ont  off. 
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When  the  axes  of  both  plates  ooincide,  the  light  polarized  by  one 
tourmaline  will  pass  through  the  other,  but  if  the  axes  do  not  coincide, 
and  are  at  right  an-  ' 

gles  to  each  other,  ^  ^ 

tnen  the  polarized 
light  is  entirely 
stopped,  and  the  ra- 
iionale  of  this  will  be 
appreciated  at  once 
if  a  tourmaline  is  re- 
garded (mechanical- 
ly) as  if  it  were  like  a 
^rating  with  nerpen- 
dicular  bars  tnrough 
which  the  polarized 
light  will  paos.    Any 


Fiff.  381. 
rhl£ 


▲.  Model  of  the  flrit  slice  of  tonrmiJine  Into 
the  trufvenftlTibntioiii,  b,  we  peesliiA:;  the  horixontal 


number  of  such  grat-  ware  Isabeorbed,  and  the  perpendietdafpolariied  one  prooeede 

inffS   with    the    Dars  to  the  eoocmd  dice  of  toranaUne.  c,  w^^^ 

^11  I  1 J         r  Eyeing  rt  riffht  angles  to  thoae  of  a,  it 

parallel    would    not  pan  through  nnai  the  ban  of  c  are  pi 


ia  stopped,  and  cannot 
parallel  with  ▲. 

stop  the  polarized 
li^ht,  but  if^the  second  grating  is  turned  round  ninety  degrees,  the  bars 
will  be  at  right  angles  to  those  of  the  first  ^ting,  and  the  perpen 
dicular  wave  of  polarized  light  cannot  pass.  (Fig.  381 .) 

Splendid  Chromaiie  effects  produced  by  Polarized  light. 

Having  discussed  the  various  modes  of  obtaining  pokirized  lieht,  the 
next  step  is  to  arrange  an  apparatus  by  which  certain  double  refracting 
crystals,  and  other  bodies,  snail  divide  a  ray  of  poUrized  light,  and  then 
by  subsequent  treatment  with  another  polarizing  surface,  the  divided 
rays  are  caused  to  interfere  with  each  other,  and  afford  the  phenomena 
of  colour.  Bodies  that  refract  light  singly,  such  as  gases,  vapours  or 
liquids,  annealed  glass,  jelly,  gums,  resins,  cxystallized  bodies  of  the 
tessulor  system,  such  as  the  cuoe  and  octohedron,  do  not  afford  any  of 
the  results  which  will  be  explained  presently,  except  by  the  influence 
of  pressure,  as  in  unannealed  glass,  or  a  bent  cold  fflass  bar.  By  compres- 
sion or  dilatation,  they  are  changed  to  double  refractors  of  hght.  1119 
bodies  that  possess  the  property  of  double  refraction  (though  not  to  the 
visible  extent  of  Iceland  spar),  are  all  other  bodies  such  as  crystallized 
chemicals,  salts,  crystallized  minerab,  animal  and  ve^table  substances 
possessing  a  uniform  structure,  such  as  horn  and  qmll ;  all  these  sub- 
stances divide  the  rav  of  polarized  li^ht  into  two  parts,  and  by  placing 
a  thin  film  of  a  crystal  of  selenite  (which  is  one  of  the  best  minerals  that 
can  be  used  for  the  purpose)  in  the  path  of  the  beam  of  polarized  light, 
coming  either  from  the  glass  plates,  as  in  No.  2,  (Fig.  325),  page  338, 
or  from  a  slice  of  tourmaunc,  and  then  receiving  it  through  the  ordinary 
focusing  lenses  or  object-glasses  of  the  oxy-hydrogen  microscope;  no 
colour  IS  yet  apparent  in  the  image  of  the  selenite  on  the  screei^  vntD 
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of  diss  platei,  is  placed  at  au  aiigle  c^ 
e  pUne  of  reflectioa  of  the  first  set  of 


anptfav  toormftline,  or  «  biudle  of  d 

56°  45',  and  &t  right  angles  to  the  pu  .  .  ...__._... 

platei ;  thca  the  oioet  eoi^eous  colours  suddenlj  appear  ortx  all  parts  tt 
the  film  of  selcoite  rb  depicted  on  the  screen,  fiie  other  object«  ihon 
b;  the  oxj-hjdn^eo  mioitMcope.  (Big.  398.) 


%JB1.  Dnboaeq'a  poIiililDg  iffoiaM.  x.  Tb*  light  lad  tha  ttmieata  Int. 
plMM  of  ■)»>  M  tht  nqnai  ufta.  o.  Tb>  Hloilto  iil)t*ct.  b.  Hh  fcn^B( 
tau.  n.  Tbe  HOODd  bnndl*  or  jlatei  la  glim  allHl  Iha  tndncr.  ■.  A  •taa  tir  (x- 
bunu  iv>  ofU^t.    a.  ni>lmic<atUiallma[HlailleiiHnliaiiitlftUjalan*d. 

Ooddard's  oiy-hjdrogeu  polariscope  is  one  of  the  iDOet  oomniait, 
because  either  the  reflecled  or  refracted  polamed  rajs  can  be  Tendered 
available ;  it  consists  of  the  appaTitns  shown  at  Fie.  371,  and  to 
this  ia  added  a  low  microscope  power,  and  stage  to  hold  the  selenite 
or  other  objects,  with  another  bundle  of  sixteen  plates  of  the  thin 
microscopic  glass  or  mica,  called  the  analjser.  A  slice  of  tcnrmaline, 
or  a  Nicol's  prism  maj  be  employed,  insUod  of  the  second  handle  of 
reflecting  plates.  When  the  raj  of  polarized  li^t  reflected  bom  the 
first  set  of  glass  plates  enters  the  tloublj  refracting  film  of  selenite, 
which  is  about  the  fortieth  or  fiftieth  part  of  on  inch  in  thickness,  it  is 
split  into  the  ordinary  and  eitraordinarr  rays,  and  is  said  to  be  jipoia- 
rwd,  and  forms  two  planes  of  polarized  light,  vibrating  at  lifht  angles 
to  each  other.  When  the  latter  are  received  on  another  hundle  of  ;ttta 
of  glass  called  the  analyser,  at  an  angle  of  56°  45',  but  at  right  an^et 
to  the  first  set  of  glass  plates,  they  interfere,  because  in  the  pasnse  of 
the  two  rays  from  the  selenite  they  have  traversed  it  in  difTereiit  direc- 
tions, with  different  velocities ;  one  of  these  seta  of  waves  will  therefonv 
m  emerging  from  the  opposite  face  of  the  selenite  be  retarded,  and  lit 
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bebmd  the  olheri  but  \iea«  poluiied  in  different  plaoes,  thej  cannot 
imttrftrt  until  theii  plauea  of  pobmation  are  nutde  to  coinoide,  which  is 


Tig.  nS.    Tb«  al«ctr1«  Unp  u 


TIb.  381.  A  L  Dird  noAd  of  a  bcwn  «f  polirlnd  llffhl  ootnlnff  tnm  tb*  Ant  bmidk  ol 
FtatM  ot  ^w,  ibinni  M  n«.  3M.  p.  33*.  b.  Hodal  of  tha  Blmof  Hl«slM,wUchdtTMw 
sr  dlMliriiM  tbt  TV  1 1  lolo  o  wi)  v.  wtaletu  Intirfariiw  >?  iiMaa  of  tk*  *Mond  InDdto 
•f  pbta  of  iUm  oiDad  tha  uiinn  ^  prafoio  n  ~ 
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effected  by  means  of  the  second  bundle  of  glass  plates  called  the  analyser; 
and  when  this  b  brought  into  a  position  at  right  angles  to  the  first  set 
of  reflecting  glass  plates,  half  the  ordinary  wave  interferes  with  half  the 
extraordinuy  wave:  and  beinff  transmitted  through  the  analyser, 
produces,  say  red  ana  orange,  whust  the  remaining  halves  also  intenere, 
and  beini;  reflected,  afford  the  complementary  cmours  green  and  blue. 
(Fig.  383.)  The  term  eompUnumiarv  is  intended  to  define  any  two 
colours  containing  red,  yellow,  and  blue,  because  the  three  combined 
together  produce  white  bght ;  for  example,  the  complementary  colour  to 
red  woula  be  green,  because  the  latter  contains  yellow  and  bine ;  the 
complementaiy  colour  to  orange  would  be  blue,  because  the  former 
contains  red  and  yellow.  Any  two  colours,  therefore,  whidi  toother 
contain  red,  yellow,  and  blue  are  said  to  be  eonmlementary ;  and  if  this 
principle  was  better  understood,  ladies  would  never  commit  snoh 
egregious  blunders  as  they  occasionally  do  in  the  choice  of  colours  for 
bonnets  and  dresses,  and  select  a  blue  bonnet  to  be  worn  with  a 
green  dress,  or  v%ce  vend.  By  rotating  the  analyser,  the  reflected 
and  refracted  rays  change  colours,  and  if  the  former  is  red  and  the 
latter  green,  by  moving  the  analyser  round  90^,  the  reflected  rays  dumge 
to  green  and  the  refracted  to  red ;  at  180°  the  colours  asain  change 
places ;  at  270^  the  reflected  ray  will  be  again  green,  and  the  re&acted 
red ;  to  be  once  more  brought  l)ack  at  360*  to  the  original  position,  viz., 
reflected  rays  red,  refracted  green.  The  thickness  of  the  films  di 
selenite  determines  the  particular  colour  produced. 

If  the  selenite  is  of  a  uniform  thickness,  one  colour  only  is  obtained, 
and  by  ingeniously  connecting  pieces  of  various  thicknesses  (in  the  same 
forms  as  stained  glass  for  cathedral  windows),  the  most  beautiful  designs 
were  made  bv  the  late  Mr.  J.  T.  Goo{)er,  jun.,  which  have  since  been 
manufacturea  in  great  quantity  and  variety  bv  Mr.  Darker,  of  Paradise- 
street,  Lambeth.  The  colours  of  these  sefenite  objects  are  seen  by 
placing  them  in  front  of  a  piece  of  black  glass,  fixed  at  the  polaiizinic 
angle,  and  then  examining  the  desigp  with  a  slice  of  tourmaliQe,  or  still 
better  with  a  single-imaffe  Nicol  pnsm,  when  the  most  brilliant  colours 
are  obtained,  and  varied  at  every  change  of  the  anele  of  the  analyser. 

Selenite,  or  spany-gypsum,  is  the  native  ciystamzed  solphate  of  V^^^^ 
which  contains  water  ot  crystallization  TCaO,  S0„  2H0).  It  freooentbf 
occurs  imbedded  in  London  day,  ana  is  called  quarry  glau\^  the 
labourers  who  find  it  at  Shotover  Hill,  near  Oxford,  wd  also  in  the 
Isle  of  Sheppey. 

At  a  very  early  period,  before  the  discovery  of  glass,  selenite  was  used 
for  windows ;  and  we  are  told  that  in  the  time  of  Seneca,  it  was  im- 
ported into  Rome  from  Spain,  Cyprus,  Gq)padoda,  and  even  from 
Africa.  It  continued  to  be  used  for  this  purpose  until  the  middle  ages, 
for  Albinus  informs  us,  that  in  his  time,  the  windows  of  the  dome  of 
Merseburg  were  of  this  mineral.  The  first  greenhouses,  those  invented 
by  Tiberius,  were  covered  with  selenite.  According  to  Pliny,  bee- 
hives  were  encased  in  selenite,  in  order  that  the  bees  might  be  seen  at 
work* 


The  late  Vr.  Pereira  1iu  placed  tbe  pheaomena  already  described  in 
"  e  fonn  of  a  moat  uutrnctive  diagnm.  wbioh  Te  borrcnr  from  hii 


elaborate  work  on  "  Folaiiied  Light.      (Fik.  385.) 


Itf 


dovMa  RDmetlon  of  th*  1 


lirladUgbl,! 


ba  doobb  nfrHtlgo  of  Uie  < 


TodooedbT  tu 

-. , ,„ , lag  or'Nieol"!  prtm). 

— t  otnonUiurT  r^,  ptodniKd  bj  tb*  doolili  nftHtton  of 
I.  Tb*  ordliiMT  nji   o  M,  Tha  trtzwdbufj  iVi  prodiicad  bj 


IB  luljHT  (or  dmblj-»ft*MlB(  i 


The  chromatic  effects  described  are  not  confined  to  selenHe  objecti 
only,  bat  are  ablained  from  glass,  pn>*ided  the  particles  are  in  a  state 
of  uiieqaal  tension,  as  in  maiocs  of  nnannealed  glass  of  varions  forma. 
(Fig.  386.)     Consequently,  polarized  light  becomes  a  most  valuable 


Pte.iai.  Ko.  1.  VnoiBMlcd  (Uh  Rr Ibe potiriKOH.  trot,  t  tois,  imanaei «Hk 
iM^aanB)d«laBnddrdHlniiiiun  (od  drenlH' pl«  of  DumMbd  f lH>  tath 


means  for  ascertaining  the  condition  of  particle*  otherwise  innaible  and 
inappreciable,     One  of  the  most  boutifiil  experimtoto  oaa  be  madi 


bot'b  platboos  or  bcukoe. 


vitb  ft  bar  of  pbU-glftss,  which  rebwta  light  s 
Applied  to  U)e  centre,  in  order  t«  bend  it  into  u 


iT  unto  pressBTE  ii 

■h  or  cone,  whea 

sppeannce    pie- 

seated  m  Fig.  387  i« 

appuent 

A  ^oill  placed  in  the 
polairdng  appantns  ia 
also  disooreird  to  be 
in  a  state  of  unequal 
teosioQ  br  the  appear- 
ance of  coloured  mngci 
within  it,  which  change 
colour  at  eveij  move- 
ment of  the  analjRV. 
Another  series  ct 
_  «  of  Uu  beantif  ul  ape 

amS'  a,  ud  mMrmM  of  tamU  or  frliign  of  colooMd   present         th 

ItahL  which  entirtli  dlBpiMr  on  Uu  remonJ  of  UM  Mmr.   •_, ,  —kit. 

io  iSnt  MUTK,  onlj  rtSi.  by  polHiad  light.  wben^  a   raj  of  whrte 

polarised  UKbt  is  made 
to  pass  parpendicnlarlj  thronKh  a  slice  of  any  crystaUiaed  substance 
with  a  BUKle  aiis:  if  the  analyser  consist  of  a  shce  of  tourmalinG,  a 
number  of  ooncatiK 
coloured  rii^  are  no- 
deted  risibfe  with  a 
black  cross  iii  the  cen- 
tre, which  is  replaced 
with  a  white  one  on 
moTing  the  toumudiiiG 
throng  each  qnadrant 
of  the  ciicle. 

Ciystals  of  Iceland 
spar  present  this  ]^ 
uomeaoD  in  great 
beauty;  and  if  the 
crystu  (such  as  nitre) 
has  two  axes  of  double- 
refraction,  a  double- 
system  of  coloured 
rugs  is  apparent,  with 

, ,„  Uie      most      curious 

changea  and  combina- 
tiona  of  the  black  and  white  crosses  with  them.  (Fig.  388.) 

Mr.  Godd&rd  has  recommended  the  optica!  arrangement  (Fig.  389)  tor 
showing  the  rings  with  great  perfection,  as  also  the  number  oF  rings 
that  increase  in  some  crjstels  (the  topas,  for  eiample),  with  the 
diTergence  of  the  rays  of  polarised  light  passini;  titroagb  them. 

Mr,  Woodward's  table  and  oiy-hydrogen  polariseope  and  niicroacx)|K, 
made  1^  Smith  and  Beck,  of  Ciolemau-street,  is  well  adapted,  from  ita 
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Bimplidt^  and  perfection,  to  exhibit  all  the  Tnied  and  beantifol  efleoti 
of  polanxed  light ;  and  we  onlj  regret  that  want  of  space  preTCnti  ni 


, — , c — .    , _f  Bhort  ri>CQ<i  tTBCuadttLDf  ■  coa^ot 

a  tnde  ol  diKmnci  tai  lU  njt,  c  r.  at  46°.    d  d.  Tbe  crjttil  of  \optM, 
,  or  DUrv.    1 1.  Ttut  illce  of  blue  toortiuliDft  for  AnAjjHlajf. 

describbg  it  in  detail,  although  the  reader  may  see  the  bctdy  of  the 
apparatus  &t  page  136,  where  the  moclificstioiu  of  the  oiy-bydrogen 
lisht  are  descnbed  and  figured;  and  the  jjoLariiiDg  apparatus  would  be 
placed,  of  course,  in  front  of  the  light  issuing  from  the  lantern. 
Finally,  the  questbn  of  utility  (the  cui  ioiio)  may  be  considered  in 


modification  of  common  light  cannot  be  overrated.  It  has  g^ven  the 
philosopher  a  new  kind  of  test,  by  which  he  discovers  the  structure  of 
things  that  would  otherwise  be  perfectly  unknown;  it  has  given  the 
astronomer  increased  data  for  the  eieroise  of  his  reasoning  powers ; 
whilst  to  the  microscopist  the  beauty  of  objects  displayed  bv  polarized 
light  has  long  been  a  theme  of  admiiation  and  delight,  and  baa  served 
as  a  guide  ^r  the  identificatiou  of  certain  Tarieties  of  any  given  sub- 
(tance,  snch  as  starch. 

A.  tube  provided  with  a  polarizer  of  tourmaline,  or  a  sinsle-image 
Nicol  prism,  is  invaluable  to  the  look-out  at  the  mast-hcaain  eases 
where  vessels  are  navigating  either  inland  or  sea  water,  where  the 

8resence  of  bidden  rocks  is  suspected,  because  the  poUriier  rejects  all 
le  glare  of  ligbt  arising  from  unequal  reSection  at  the  surface  of  water, 
and  enables  the  observer  to  gaze  into  the  depths  of  the  sea  and  to 
examine  the  rocks,  which  can  only  be  perfectly  visible  by  tbe  refracted 
light  coming  from  their  surfaces  through  tbe  water. 

Professor  Wheatstone  bas  invented  an  ingenious  polarizing  clock  for 
showing  the  hour  of  the  day  bj  tbe  polariiinf  power  of  the  atmosphere. 
Birt,  Powell,  and  Lecson  have  each  mventea  instruments  for  examining 
the  circular  polariiation  of  fluids,  by  whicb  a  more  intimate  knowledge 
of  the  relative  values  of  saccharine  solutions  may  be  obtained,  beii<^ 
unfolding  other  truths  important  to  investigators  in  this  branch  ot 
•cience. 
And  last,  bat  not  least,  it  was  with  the  asaistance  of  polarized  light 
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that  I)r.  Faradfty  established  the  relation  that  exists  beiween  light  aad 
magnetiaiD,  and  through  the  latter,  with  the  force  of  electdd^;  and 
tiie  next  figure  indicates  the  necessary  apparatus  retjuired  to  repeai  this 
highly  important  physical  troth — yiz.,  tne  deviation  of  the  plane  of 
polarization  of  lignt  by  the  influence  of  the  magnetic  tece  from  a 
powerful  electro-magnet.    (Fig.  390.) 


Fig.  38a  A.ThoUgbta&dooadenflerleiu.  b.  Singte-lxnage  Nieol  prism,  c.  Bock  OTital 
of  two  rotations.  9.  ▲  doable-oonTez  leas,  s  i.  Faradi^r'B  hei^  grlMi.  w  j.The 
powerftil  dectro-iiiAgnet  eonneeted  witii  tMittery.  o.  Double-refnetixig  priflni.  x. 
Image,  or  aoreoi  where  the  deriatkui  of  the  phune  of  poliiriffataon  })j  fbe  magnctk  ftm 
isibown. 

By  another  and  equally  beautiful  experiment  at  the  London  Instita- 
tion.  Professor  Groye  demonstrated  the  production  of  all  the  other  kinds 
of  force  from  light,  using  the  following  arrangement  for  the  purpose : 

A  prepared  daguerreotype  plate  is  enclosed  in  a  box  foil  of  water 
having  a  glass  front  with  a  shutter  over  it;  between  this  glass  and  the 
pbtte  IS  a  mdiron  of  silver  wire ;  the  pkte  is  connected  with  one  ex- 
tremity of  a  galvanometer  coil,  and  tne  gridiron  of  wire  with  one 
extremity  of  a  Breguet's  helix ;  the  other  extremities  of  the  galTs- 
uometer  and  helix  are  connected  bv  a  wire,  and  the  needles  brou^t  to 
zero.  As  soon  as  a  beam  of  either  aajli^ht  or  the  oxy-hydrogen  light  is, 
by  raising  the  shutter,  permitted  to  impinge  upon  the  plate,  the  needles 
are  deflected.    Thus,  light  being  the  initiatory  force,  we  get " 

Chemical  action  on  the  plate, 

Eleetrieiijt  circulatinj?  through  the  wires, 

Magnetism  in  the  coU, 

Heai  in  the  helix. 

Motion  in  the  needle. 

Such,  then,  are  some  of  the  fflorious  phenomena  that  we  have  en- 
deavoured to  explain  in  this  ana  the  preceding  chapters  on  light 
Here  we  have  noticed  specially  how  completely  we  owe  their  appre- 
ciation to  the  sense  of  siffht  operating  throujgh  the  eye,  the  orsan  of 
vision.  Well  may  those  who  have  lost  this  divine  ^:ift  speak  of  their 
darkness  as  of  a  lost  world  of  beantj  to  be  imdiated  only  by  better 
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and  more  endtirmg  light;   and  moat  feeliiglj  does  Sir  J.  Coleridge 
speak  OQ  this  point  when  be  sa.;s : — 

"  ConceiTe  to  yonrselTea,  for  &  moment,  what  is  the  ordinary  enter- 
tainment  and  converution  that  passes  around  an;  one  of  jonr  famil; 
tables ;  how  manj  things  we  talk  of  as  matters  of  coarse,  as  to  the 
nnderstanding  aiid  as  to  the  bare  eonception  of  which  sisbt  is  abso- 
Inteljr  necessa:?.  Coosider,  itnun,  what  an  affliction  tlie  loss  of  sight 
moat  be,  and  that  when  we  talk  of  the  golden  son,  the  bright  stars,  the 
beautifiU  flowers,  the  hluab  of  spring,  the  glovr  of  summer,  and  the 
ripening  fniit  of  autumn,  we  are  talking  of  things  of  which  we  do  not 
coDvej  to  the  minds  of  these  poor  creatures  who  are  bom  blind,  anything 
like  an  adequate  conception.  There  was  once  a  great  man,  as  we  aQ 
know,  in  this  coontiy,  a  poet — and  nearly  the  greatest  poet  that 
England  has  ever  had  to  Doast  of — who  was  blind;  and  there  is  a 
passage  in  his  worka  which  is  so  true  and  touching  that  it  exactly 
describes  that  which  I  have  endeaToured,  in  feeble  language,  to  painl. 
Milton  jwjB  :— 

■Tliiuvlththc;raii 
Beuane  rotam ;  but  not  to  ne  rAtoHK 
Daj,  or  tbi  nr«at  appnaob  of  nm,  or  mom. 
Or  ^lit  oTTinul  bloom,  vr  ■ammflr'i  n>*^ 
Oi  flocki,  or  Iwid^  or  hunao  fa  dirinei 
Bnl  elmd  iDitad,  and  noduiing  duk 
aoROiuidi  me  1  from  tbechawflilnitofmni 
Cat  off.  ind  far  lb*  book  of  knowledga  biz 
PmmUd  wlUi  a  nalnTuI  bluk 
Of  Hiton'a  worki,  to  me  eipuDged  ind  nttS, 

So  mncb  tlie  nlher,  than.  «l»tiil  U()iL 
Bblne  iDwmrd,  and  the  mind  thniugh  ell  her  powen 
IiTHlliitc;  (henplut  FjH;  ^  niisi  tMm  tbence 
Porn  Odd  dlapfrw,  that  I  mar  a««  mid  leU 
Of  tSings  inriilblc  to  Bion»l  Sgbf 
The  great  poet,  when  intent  upon  his  work,  sought  for  celestial  light  to 
accomplish  it.    And  this  brings  me  to  that  part  of  the  labours  of  our 
Blind  Institutions  apon  which  I  dwell  the  most  and  which,  after  all,  ia 
the  greatest  compensation  we  can  afford  to  the  inmates  for  tke  affliction 
they  sufi'er ;  and  that  is,  the  means  we  provide  for  them  to  read  the 
blessed  Word  of  God,  which  they  can  read  by  day  as  well  as  by  night, 
for  light  in  tlieir  case  ia  not  an  essential" 
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CHAPTER  XXVII. 


Tebouohodt  the  greater  nnmber  of  the  preceding  chspten  it  wiQ  be 
eridokt  that  tbe  active  propertiea  of  matter  maj  be  stunraed  ap  tmdei 
one  general  beaJd,  and  may  m  considered  u  vuietiea  of  attraotios — inch 
B5  the  attraction  of  ^ritation,  coheaiTe  attraction,  adhesive  attnction, 
attraction  of  coini>OBition  (or  chemical  atttaotion),  electrioal  attraction, 
magnetical  attraction. 

The  abaolate  or  antocratic  system  does  not,  boTBTer,  prevail  in  tbe 
works  of  natoni  and  she  seems  ever  anxunu,  whilst  imputing 
gTMt  and  peculiar  povera  to  certain  agents,  to  create  other  forces 
which  ma;  eontroi  and  balance  (hem.  Thus,  for  instanoe,  tbd 
great  force  of  cohesive  attraction  is  an  ever-present  power  dis- 
cernible, us  nas  been  shown,  in  solids  and  liquids ;  bat  il  this  Sgent 
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were  allowed  to  run  riot  in  its  full  strength  and  intensity,  it  .wonld 
tyrai]ni(»lly  hold  in  subjection  all  liquid  matter,  and  eyery  drop  of  water 
which  is  at  present  kept  in  the  liquid  state,  would  succumb  to  its  iron 
rule,  and  retain  the  solid  state  of  ice.  Hence^  therefore,  the  wise 
creation  of  an  antagonistic  force— viz.,  heat ;  which  is  not  provided  in 
any  nimaidiy  manner,  but  is  liberallv  bestowed  upon  the  globe  from  that 
all-sumcient  and  enormous  source,  tne  sun.  And  it  is  by  the  softening 
and  liquifying  influence  of  his  rays  that  tne  greater  proportion  of  the 
water  on  the  surface  of  the  globe  is  maintained  in  the  fluid  condition, 
and  is  enabled  to  resist  the  power  of  cohesion,  that  would  otherwise 
turn  it  all,  as  it  were,  to  stone. 

Cohesion,  electricity,  and  magnetism  fully  embody  the  notion  of 
powers  of  attraction,  or  a  drawing  tof  ether  ;  whilst  heat  stands  almost 
alone  in  nature  as  the  type  of  repulsion,  or  a  driving  back. 

Mechanically,  repulsion  is  demonstrated  by  the  rcooundof  a  ball  from 
the  ground;  the  pajrts  which  touch  the  earth  are  for  the  moment  com- 
pressed, and  it  is  the  subsequent  repulsion  between  the  particles  in  those 
parts  which  causes  them  to  expand  again  and  throw  off  the  ball. 

The  development  of  heat  is  produced  from  various  causes,  which  maj 
be  regarded  as  at  least  four  in  number.  Thus,  it  was  shown  by  Sir 
Humphrey  Davy,  that  even  when  two  lumps  of  ice  are  rubbed  together, 
sufflcient  neat  is  obtained  to  melt  the  two  surfaces  which  are  in  contact 
with  each  oUier.  Friction  is  therefore  an  important  source  of  heat, 
and  one  of  the  most  interesting  machines  at  the  Paris  Exposition  con- 
sisted of  an  apparatus  by  which  many  gallons  of  water  were  kept  in  the 
boiling  state  by  means  of  the  heat  obtained  from  the  friction  of  two 
copper  discs  against  each  other.  The  machine  attracted  a  good  deal  of 
attention  on  its  own  merits,  and  especially  because  it  suoplied  boiUng 
water  for  the  preparation  of  chocolate,  which  the  public  was  duly 
informed  was  boilea  by  the  heat  rubbed  out  of  the  otherwise  cold  discs 
of  copper.  When  cannon  made  on  the  old  system  are  bored  with  a 
drill,  it  is  necessary  that  the  latter  should  be  kept  quite  cool  with  a 
constant  supply  of  water,  or  else  the  hard  steel  might  become  red-hot, 
and  would  then  lose  its  temper,  and  be  no  longer  capable  of  performing 
its  duty. 

Count  Rumford  endeavoured  to  ascertain  how  mucli  heat  was  actually 
generated  by  friction.  When  a  blunt  steel  bore,  three  inches  and  a 
half  in  diameter,  was  driven  against  the  bottom  of  a  brass  cannon  seven 
inches  and  a  half  in  diameter,  with  a  pressure  which  was  equal  to  the 
weight  of  ten  thousand  pounds,  and  made  to  revolve  thirty-two  times  in 
a  minute,  in  forty-one  mmutes  837  grains  of  dust  were  produced,  and 
the  heat  ^nerated  was  sufficient  to  raise  113  pounds  of  the  metal  70* 
Fahrenheit— a  quantity  of  heat  which  is  capable  of  mdting  six  pounds 
and  a  half  of  ice,  or  of  raising  five  pounds  of  water  from  the  freezing 
to  the  boiling  point.  When  the  experiment  was  rej^eated  under  water, 
two  gallons  and  a  half  of  water,  at  60*  Fah.,  were  made  to  boil  in  two 
hours  and  a  half. 

Chemical  affinity  has  been  so  often  alluded  to  in  these  pages,  that  it 
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may  be  suffieieni  to  mention  only  one  good  instance  of  its  almost  maekal 
power  in  eyokinff  heat.  When  a  bit  of  the  metal  sodium  is  plaoea  on 
the  tip  of  a  kni£,  and  thrust  into  some  warm  quicksilTer,  or  if  a  pellet 
of  sodium  and  a  few  globules  of  mercuiy  are  placed  on  a  hot  plate  jsst 
taken  from  the  oven,  and  then  gently  squeezed  together,  a  virid  pro- 
duction of  heat  and  light  is  apparent;  and  when  the  mixture  of  tb 
two  metals  is  cold,  it  will  be  found  that  the  quicksilTcr  has  lost  its 
fluidity,  and  a  solid  amalgam  of  sodium  and  mercuir  is  obtained,  wliicb 
gradually,  by  exposure  to  the  air,  returns  to  the  liqpid  state,  tk 
mercury  being  set  free,  whilst  the  sodium  is  oxidized,  and  fofms  soda. 
Just  as  an  orainary  alloy  of  copper  and  ^Id  used  by  jewellers  vooJd 
lose  its  colour  and  orilliancy  by  the  oxidation  of  the  copper ;  and  when 
the  rusty,  dirty  film  is  remoyed  by  rubbing  and  polishing,  the  surface  is 
again  bnUiant,  and  remains  so  until  another  film  of  the  exposed  ooppei 
is  attacked ;  in  like  manner  the  sodium  is  attacked  and  dian^  hj  the 
oxygen  of  the  air,  whilst  the  mercury  being  unaffected  retams  its  bfil- 
liancy,  and  at  the  same  time  regains  its  fluidity.  The  erohition  of  beat 
in  the  above  case  indicates  that  a  chemical  union  has  taken  place  b^ween 
the  two  metals. 

Examples  of  the  production  of  heat  by  electricity  and  magnetism 
have  been  abundantly  shown  in  the  chapters  on  these  subjects ;  and  one 
of  the  best  lustrations  of  this  fact  has  been  shown  on  the  ocesskm  d 
the  opening  of  the  telcfiraphic  communication  between  France  and  &£• 
land  oy  means  of  the  submarine  cable,  when  cannon  were  fired  alternate^ 
at  both  ends  of  the  conducting  cable  by  means  of  electricity,  and  tk 
event  thus  inaugurated  in  both  countries. 

That  heat  is  a  product  of  living  animal  oiganization  is  shown,  is  it 
were,  visibly  by  the  marvellous  phenomena  that  proceed  in  our  ow 
bodies.  People  do  not  very  often  trouble  themselves  to  ask  where  the 
heat  comes  from,  or  even  to  think  that  this  invisible  power  must  he 
maintained  in  the  body,  and  that  slow  combustion,  or,  as  Liebig  tenns 
it,  er^maeausii,  must  continually  go  on  inside  our  fnul  mortal  tenements; 
and  more  than  this,  that  we  cannot  afford  to  waste  our  heat.  If  the 
body  is  deprived  of  heat  faster  than  it  can  be  generated,  death  most 
inevitably  occur ;  and  a  very  melancholy  instance  of  this  remaikaUe 
mode  of  death  has  lately  occurred  in  Switzerland  to  a  Russian  gen- 
tleman. 

Such  another  instance  of  a  man  beinff  slowly  frozen  to  death  within 
sight  and  sound  of  other  beings,  tlirough  whose  veins  the  blood  vis 
flowing  at  its  accustomed  temperature  (about  90^  Fahr.),  it  would  be 
difficuU  to  find,  and  it  stands  forth,  therefore,  as  a  marked  example  and 
illustration  of  the  statement  already  made,  that  living  animal  organisms 
are  truly  a  source  of  heat,  which  is  as  essential  to  the  weU-being  of  the 
body  as  meat,  drink,  and  air. 

Heat  is  of  two  kinds,  and  ma^  be  either  apparent  to  our  senses  and 
therefore  called  tentibU  heat ;  or  it  may  be  entu^y  concealed,  although 
present  in  solids,  Uquids,  and  gases,  and  is  then  termed  imentitle  or 
taieMt  heat. 
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The  first  effect  of  this  force  is  „      .. 

Mid  the  diltktation  or  expansion  of  the  three  farmi  of  matter  whilst  nnder 
the  inflience  of  heat,  Hdmits  of  very  simple  iUnatistiona.  The  expansion  of 
t>  solid  subitance,  as,  for  instance,  ft  mctaJ,  on  the  application  of  hr*'' 
is  apparent  bj  fitting 
a  solid  brass  ojlinder 
into  a  proper  metal 
ganoe,  which  is  acon- 
ratel^  filed  so  as  to 
admit    the     former 


then  heated,  either 
by  pluDgiing  it  into 
boihng  water  or  bj 
the  applioLtion  of  the 
flame  of  a  spirit  lamp, 
its  particles  are  sepa- 
ratedfromeach  other; 
they  now  occnpT 
a  larger  space,  and 
expansion  u  the  re- 
sult, and  this  is  clewly  ..^-^  '.^P'V,"'*"S'?"f'.,.°E','™P'*°'!!?^'' 

attr,  «iiu.moioiuM..y  ^^  ^  ^  longilU(iin»llj,  Kid  iIh  1q  the  hole  ■  wlmi  mU,  but 
promt  by  the  appll-    ochidlofria  wbenUutUtalih«>t«d>iid«ipiuidMI. 

cation  of  the  gange, 

whidi  is  no  km^  owable  of  receiving  it.  (Fig.  393.)  Wlien,  how- 
erer,  the  latter  is  cooled,  the  opposite  result  ocours,  the  particles  of 
brass  retom  to  their  old  position,  and  conlraelioH  takes  place ;  bence  it  is 
stated  tiial  "  Bodiea  expand  b;  heat  and  contract  b;^  cold ;"  and  it  is 
proper  to  state  here  that  the  term  "  Mid"  is  of  a  negative  character,  and 
simplj  means  tJie  licence  of  heat. 

^Gd  bodiea  do  not  expand  equally  on  the  application  of  the  same 
amonnt  of  heat ;  thns,  a  t)ar  of  glass  one  inch  square  and  one  thousand 
inches  lon^  would  only  expand  one  inoh  whilst  beated  from  the  frcesing 
to  the  boiling  point  of^water.  A  bar  of  iron  one  inch  square  and  eight 
hundred  inches  long  would  expand  one  inch  in  length,  through  the  same 
degrees  of  heat ;  and  a  bar  ot  lead  one  inch  square  and  three  hundred 
and  fifty  inches  long  would  also  dilate  one  inch  m  length.    Hence, 


Lead  expands  in  volume. 

Iron 

Glass 


The  unequal  expansion  of  the  metals  is  well  illustrated  by  an  experi- 
ment devised  by  Dr.  Tyndal,  the  respected  Professor  of  Natural  Fliilo- 
•ophy  in  the  Itioyal  Institution  of  Great  Britain,  and  is  arninged  as 
fbllowa  ^a-A  long  bir  of  brass  and  another  of  iron  are  supported  on  the 
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edgcB  of  two  pieces  of  wood  placed  at  an  anffle,  and  resting  aeainst  the 
sictes  of  a  mahogany  framework.  The  metame  bars  only  toucn  one  end 
^  ^         of  the  frames  and  are 

-^^  in  metallic  commn- 
nication  with  a  pieoe 
of  brass  inserted 
there,  and  forming 
part  of  a  condootmg 
chain  connected  with 
a  voltaic  battery ; 
when  heat  is  af^ilied 
to  both  bars  they  ex- 
pand nneaoally ;  the 
orass  bar  dilates  first, 
and  filling  up  the  mi- 
nute space  left  be- 

Flff.  303.  A  A.  Th«  bran  bar  which  haa  azpanded  bj  the  tvi^n  the  two  ends 
bMtlhnn  the  gaa  Jefe  ■.  aad  making  the  oootact  between  the  tTT^  /"  .  *?" 
braaa  platea  in  cooneiion  with  the  binding  acrewa  o  o,  the  Ot  the  name,  tOUCbes 
Toltaio  drooit  ia  o(»npIeted.  and  a  coU  of  plstinnm  wire  in  the  another  brasS  jAM^ 
fflaaa  tabe  n,  ia  immeduiteW  Ignited.  The  iron  bar  at  b  b  haa  not  __  j  :«.4-.»4i.  *  ^ 
expanded  anilicientiy,  whichla  abown  afterwards  by  lemoTinff  *""«  insUUlUy  COm- 
the  angular  wootoi  aapporta  x  x,  when  the  iron  Aula  off,  ana  pletes  the  ToltaiC  Or- 
the  braaa  remains  on  tne  two  ledgea  of  the  mahogany  lhun»>  Q^j|^  when  a  OOil  q£ 
work  L  L  L.  1  1  •  •  « 

plannum  wire  be- 
comes ignited,  showine  the  fact  of  expansion;  ana  secondly,  the  diffe- 
rence in  the  power  of  dilatation  possessed  br  each  is  clearly  shown  bj 
removing  the  two  angular  supports  of  wood^  when  the  iron  falls  away, 
whilst  the  brass  remains  and  still  completes  the  voltaic  circuit.  (Fig.  393.) 

The  force  exerted  by  the  expansion  of  solids  is  enormous,  ami  reminds 
us  again  of  the  amazing  power  of  all  the  imponderable  agents ;  and  it  is 
truly  wonderful  to  notice  how  the  entry  of  a  certain  amount  of  heat  into 
and  between  the  particles  of  metals,  or  other  solids,  endues  them  witii 
a  mechanical  force  which  is  almost  irresistible,  and  is  capable  of  workm? 
much  harm.  Kussn6  made  an  experiment  with  an  iron  sphere,  whicE 
he  heated  from  a  temperature  of  32°  Fahr.  to  212°  Fahr.,  and  he  found 
that  the  expansion  of  the  ball  exerted  a  force  equal  to  4000  atmospheres 
— i.tf.  4000  X 16— on  every  sauare  lach  of  surface,  or  a  pressure  equal  to 
thirty  millions  of  pounds ;  the  entrv  of  only  180°  of  heat  into  tiie  iron 
sphereproducedthis  remarbible  result,  |ust  as  Faraday  has  calculated  that 
a  single  drop  of  water  contains  a  sufficient  quantity  of  electridtjr  to  pro- 
duce a  result  equal  to  the  most  powerful  flash  of  bghtnin^  provided  the 
dectricity  of  quantity  in  the  drop  of  water  is  converted  mto  electrictty 
of  high  tension  or  intensity. 

The  practical  applications  of  this  weU-known  property  of  solida  with 
respect  to  heat  are  very  numerous;  thus,  the  iron  bu&et-moulds  are 
Always  made  a  little  larger  than  the  requisite  size,  in  order  to  allow  for 
the  expansion  of  the  hot  liquid  lead,  and  the  contraction  of  the  cold 
metal.  The  tires  of  wheels  and  the  hoops  of  casks  are  usually  placed  on 
whilst  hot,  in  order  that  the  subsequent  contraction  may  bind  the  spokes 
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and  fellies,  or  the  staves,  closely  together.  If  an  allowance  was  not 
made  for  the  expansion  and  contraction  of  the  iron  rails  on  the  perma- 
nent ways  of  railroads,  the  regularity  of  the  level  would  be  constantly 
destroyed,  and  the  position  of  the  rails,  chairs,  and  sleepers  would  be 
most  seriously  deranged ;  indeed  it  is  calculated  that  the  railway  bars 
between    London 

and     Manchester  p 

are  five  hundred 
feet  longer  in  the 
summer  than  in  the 
winter. 

The  walls  of  the 
Cathedral  of  Ar- 
magh, as  also  those 
of  the  Conserva- 
toire des  Art  etM^- 
tiers,  were  brought 
back  to  a  nearly 
perpendicular  po- 
sition, by  the  in- 
sertion(throuffhthe 
opposite  wal&)  of 
great  bars  of  iron, 
which  being  alter- 
nately heated,  ex- 
panded, and  screw- 
ed up  tifht,  then 
coolea  andcontract- 
ed,  gradually  cor- 
rect^ the  bule;ing 
out  of  the  walb  or 
main   supports  of 


Fig.  3M.  Tht  iion  frame,  with  o  o.  wrooghfc-tron  bar  heated  by 
pattmv  on  the  leniiclrealar  piece  of  iron  b  a,  which  ia  fint  made 
red-hot,  and  as  ttie  heat  is  commnnicated  to  the  wroiwht  Iran 
rod  0  0,  it  is  terewed  up  tiffhk  bj  the  nut  x.  o  o.  The  index 
attachea  to  the  iron  frame  icrewed  np  wben  hot ;  the  anna  eome 
together  at  t,  and  e^paxsate  fbrther  to  h  m  aa  the  contraction 
tuea  place  bj  cooling  the  bar  o  i». 


these  buildings.  The  principle  of  these  famous  practical  experiments  is 
neatly  illustrated  by  means  of  an  iron  frameworkwith  a  bar  ofironphiced 
through  both  its  uprights,  and  screwed  tiffht  when  hot ;  on  cooling,  con- 
traction occurs,  which  is  shown  by  a  simple  index.  (Eif.  394.) 

It  has  often  been  remarked  that  there  is  no  rule  without  an  excep- 
tion, and  this  applies  in  a  particular  instance  to  the  hiw  that  "  bodies 
expand  by  heat  and  contract  by  cold" — ^viz.,  in  the  case  of  Hose's 
fusible  metal,  which  oonsbts  of 


Two  parts  by  weight  of  bismuth. 
One  part  „  lead. 

One  part  „ 


lead, 
tin. 


To  make  the  allov  properly,  the  lead  is  first  melted  in  an  iron  ladle, 
and  to  this  are  aaded  first  the  tin,  and  secondly  the  bismuth ;  the 
whole  is  then  well  stirred  with  a  wooden  rod,  and  cast  into  the  shape 
of  a  bar. 
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When  placed  in  the  pyrometer  and  heated,  the  bar  expands  pro* 
gressively  till  it  reaches  a  temperature  of  111^  Fahr. ;  it  then  begins  to 
cotUract,  and  is  rapidly  shortened,  nntil  it  arrives  at  156°  Fahr.,  when  it 
attains  a  maximum  density,  and  occupies  no  more  spaoe  than  it  vony 
do  at  the  freeeing-point  of  water.  The  bar,  after  passing  156°,  again 
expands,  and  finally  melts  at  about  201°  which  is  11°  below  the 
boiling-point  of  water.  Fusible  metal  is  sometimes  made  into  tea- 
spoons, which  soften  and  melt  down  when  stirred  in  a  cup  of  hot  tea  or 
basin  of  soup,  to  the  great  surprise  and  bewilderment  of  the  victim  of 
thepracticai  joke. 

Unequal  expansion  is  familiarly  demonstrated  with  a  bit  of  toasted 
bread,  which  curls  up  in  consequence  of  the  surface  exposed  to  the  fire 
contracting  more  rapidly  than  the  other;  and  the  same  fact  is  illus- 
trated with  compouna  flat  and  thin  bars  of  iron  and  brass,  which  are 
fixed  and  rivetted  together;  when  heated,  the  compound  bar  curves, 
because  the  iron  does  not  expand  so  rapidly  as  the  brass^  and  of  coarse 
forms  the  interior  of  the  curve,  whilst  the  brass  is  on  the  exterior. 

The  experiment  with  the  compound  bar  is  made  more  conclusive  and 
interesting  by  arranging  it  with  a  voltaic  batterer  and  platinum  lamp.  One 
of  the  wires  from  the  battery  is  connected  with  the  extremity  of  the 
compound  bar,  and  as  long  as  it  remains  cold,  no  curve  or  arch  is  pro- 
duced, but  when  heat  is  applied,  the  bar  curves  upwards,  and  toncmng 
the  other  wire  of  the  battery,  the  circuit  is  completed,  and  the  pbtiniim 
lamp  is  immediately  ignited.     (Fig.  395.) 


Fig.  395.  AS.  Compound  bar  resting  on  two  blocks  of  wood.    The  end  a  U^ 

with  one  of  the  wires  from  the  botteiy.  The  cirenit  is  completed  and  the  plathmm  laoay 
j>  ignited  directly  tiie  bar  curves  upwardt  hj  the  heat  of  the  spirit  lamp^  and  toadtum  tbo 
wire  c  o  oonnected  with  the  opposite  pole  of  the  battery. 

The  expansion  and  contraction  of  liquids  by  heat  and  cold  is  also 
another  elementary  truth  which  admits  of  ample  illustratioii,  and 
indeed  introduces  us  to  that  most  useful  instrument  caUed  the  ther- 
mometer. 

If  a  flask  is  fitted  with  a  cork  through  which  a  long  glass  tube^  open 


EXPAKSIOy  OF  UQUIDS. 


419 


at  boUi  ends,  is  passed,  and  then  carefolly  filled  with  water  oolouted 
with  a  little  solution  of  indi^,  so  that  when  the  cork  and  tube  are 
pbced  in  the  neck,  all  the  air  is  excluded,  a  rough  thermometer  is  thus 
constructed,  which,  if  placed  in  boiling  water,  quickly  indicates  the  in- 
creased temperature  by  the  rising  or  expansion  of  the  coloured  water 
inside  the  flask.    (Fig.  396  0 


Flff .  390.  Ezpansioa  of  liquids  ihown  ftt  ▲  by  the  coloored  water  rieinffin  the  tube  ftom 
the  &sk,  which  is  quite  Aill  of  liquid,  aad  heated  by  boiling  water,  b.  The  oxpansion  of 
the  water  heated  by  the  tpirit^iainp  is  ihown  by  the  rinng  of  the  jdeton  and  rod  o  o. 
D  repreienta  a  retort  filled  up  like  a  to  ahow  the  expanaion  of  a  liquid  ^y  heat 

The  thermometer  embraces  precisely  the  same  principle  as  that 
already  described  in  Fig.  396,  with  this  difference  onlv,  that  the  tube  is 
of  a  much  finer  bore,  and  the  liquid  employed,  wLether  alcohol  or 
mercury,  is  boiled  and  hermetically  sealed  in  the  tube,  so  that  the  air  is 
entirely  excluded.  To  make  a  thermometer,  a  tube  with  a  capillary 
bore  is  selected  of  the  proper  length ;  it  is  then  dipped  into  a  sma  con- 
taining mercury,  so  that  the  tube  is  filled  to  the  length  of  hau  an  inch 
with  tnat  metaL  The  half-inch  is  carefully  measured  on  a  scale,  and 
the  place  the  mercury  fills  in  the  tube  marked  with  a  scratching 
diamond ;  the  mercury  is  then  shaken  half  an  inch  higher,  and  again 
marked,  and  this  proceeding  is  continued  until  the  whole  tube  is  divided 
into  half  inches.    The  object  of  doing  this  is  to  correct  any  inequalitiei 
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in  the  diameter  of  the  bore  of  the  glass  tube,  because  if  wider  at  ooe 
part  than  another,  the  spaces  filled  with  the  mercuxy  are  not  equal; 
as  the  bore  is  usually  conical,  the  careful  measurement  of  the  tube 
with  the  half  inch  of  mercury  in  the  first  jpUoe  gives  the  operator 
at  once  a  view  of  the  interior  of  his  tube,  and  enables  him  to  gndoate 
it  correctly  afterwards.  (Fig.  397.) 


€ 


B 


Fig.  S87.  ▲  B.  Hagnifled  Tiew  of  the  bore  of  one  of  the  thermometar  tubes  nhieh  tre 
made  by  n^iidly  drawing  out  a  hollow  mass  of  hot  glass  whilst  soft  and  dsedk^ 
oonseqnently  the  bore  must  be  conical,  and  larger  at  one  end  than  the  other. 

The  next  step  is  to  heat  one  extremity  by  the  lamp  and  blowpipe,  and 
whilst  hot,  to  blow  out  a  ball  upon  it;  if  this  operation  were  per- 
formed with  the  mouth,  moisture  from  the  breath  would  deposit  inside 
the  fine  bore  of  the  glass  tube,  and  injure  the  perfection  of  the  ther- 
mometer afterwards.  In  order  to  prevent  ainr  deposit  of  water,  the 
bulb  is  blown  out,  whilst  red-hot,  with  the  air  from  a  small  caoutdione 


WH, 


O 


-a> 


Pig.  396  a.— Ko.  1.  First  bolb.    The  intended  lensth  of  the  thermometer  is  shown  at  tbs 
little  ozoea.~No.  2  is  the  second  bolb  placed  shore  the 


bag  fitted  on  to  the  other  extremity  of 
the  tube.  The  operator  now  marks  off 
the  intended  lengtn  of  his  thermometer, 
and  above  that  point  the  tube  is  again 
softened  with  the  flame  and  blowpipe,  and 
a  second  bulb  blown  out.  (Fig.  398  «.) 

The  open  end  of  the  tube  is  now  placed 
under  the  surface  of  some  pure,  dean,  diy 
quicksilver,  and  heat  being  applied  to  tu 
upper  bulb,  the  air  expands  and  escapes 
through  the  mercury,  and  as  the  tube 
cools  a  vacuum  is  produced,  into  which 
the  mercury  passes.  By  Uus  simple  me- 
thod, the  mercury  is  easily  forced  into 
the  tube,  as  otherwise  it  would  be  impos- 
sible to  pour  the  quicksilver  into  the  ca- 
pillary l)ore  of  the  intended  thermometer. 
(Fig.  398  6,) 

The  tube  is  now  taken  from  the  glass 
containing  the  mercury,  and  simply  in- 
verted ;  but  in  conso|uence  of  the  verr 


Fig.998  A.  HeaUnff  and  expanding   narrow  diameter  of  the  bore  the  mir 

SSi^'^nS^apltS    ?•*  P««  out  of  the  fort  bnlbnnta  h«t 
rise  into  the  tube  and  fiuthebnib  b.    IS  appued,  when  the  auT  expands^  and  the 
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mercarT,  first  stationarf  in  toe  second  bulb,  will  now  displace  the  kir, 
and  ftdl  into  the  first  bulb  vhen  the  tube  is  again  cool. 

The  b&ll.  No.  1  (Fif;.  3%Sn),  is  now  full  of  merounr,  and  there  is  also 
some  left  in  No.  S ;  in  the  neit  place,  the  tube  is  sapported  b^  a  wire, 
and  held  over  a  Charcot]  fire,  when  it  is  heated  throughout  its  entire 
length,  and  the  mercur;  beine  boiled  expels  the  KioU  of  Hit  air,  so 
that  there  is  nothing  inside  tne  bulbs  and  capillar;  bore  but  mercury 
and  its  Tsponr.  (No.  1,  Fig.  399.)  The  open  end  of  the  intended  ther- 
mometer is  now  temporanly  closed  with  sealing-wai,  and  the  i ' 
ool  with  thi        '  ■      ■ 


allowed  again  to  c 


1  the  sealed  end  uppermost  so  thnt  the  bijl 
.1 is_^.K  .-I.   *w*  ™.,!*.s  flil-j  _;*i.  _..r-i._ri 


No.  2,  Fig,  399,  and  the  tabe  above  it,  are  quite  filled  with  quick^ve 

After  cooling,  the  tube  is  placed  at  an  angle  with  the  sealed  ena 
appermost,  and,  guided  bj  experience,  the  operator  heati  the  lower 
bnlb  so  as  to  expand  enongh  meTcnry  into  the  upper  one  to  leave  space 
for  tbe  future  expansion  and  contraction  of  the  mercury  in  the  tube, 
which  has  now  to  be  henneticallv  sealed.  This  is  done  by  dexteronsl* 
beating  the  tube  at  the  cross  whUst  the  mercury  in  the  first  bulb  is  still 
expanded;  andby  drawing  it  out  lapidlywith  the  help  of  the  heat  obtained 
from  the  lamp  and  blowpipe,  tbe  second  bulb  is  separated  from  the  first 
at  the  little  cross  (s,  No.  3,  Fig.  399),  and  the  thermometer  tube  at  hut 
properljfilledwithquiclisilTer,  and  hennetically  closed.  (No,4,Fig.39g.] 


rig.  3M.— No.  1.  DoUlnir  qokkillTa  Id  Uia  tnbg  with  two  bntte.— Ko.  J.  Tnbe  MoM, 
wUti  the loted md appermoft.— No. S.  Mmaij Id  Int  Imlb oiuddl  bj Imp i,  uds 
tbs  pTOIKT  moiunt  hRmctliallj  K*l4d  b; 
opp«  bDlb  and  tnbt  lo  tb*  crow  bcisc  dr^ 


Iva  Id  Uia  tnbg  wJUi  two  bnlb*.— No.  i.  lOM  Mouo, 
0.  S.  Mmaij  Id  Int  bidb  opudHl  bj  Imp  i,  ud  s 
(■l4d  bj  Ib^DM  nrgrd  li;Uu  blowplpa  U  a.  Tht 
;iBf  diwD  Baj  ud  Hiwitadv— No.  4.  TbcnDoni*t«f 
tilj  or  mtrciuT,  bamMlatUj  lOM,  ind  now  te*dj  tat 


422  bot's  flaybook  of  scibnce. 

In  order  to  procure  a  fixed  starting-point,  the  thermometer  tabe  is 
placed  in  ice,  with  a  scale  attached ;  the  temperature  of  ice  nerer  yazies, 
it  is  always  at  32  degrees.  When,  therefore,  the  mercury  has  sask  to 
the  lowest  point  it  can  do  by  exposmv  to  this  degree  of  cold,  the  place 
is  marked  off  in  the  scale,  and  represents  that  position  in  the  graduated 
scale  where  the  freesdng  point  of  water  is  indicated. 

The  tube  is  placed  in  the  next  place  in  a  vessel  of  boiling  water,  eaze 
being  taken  that  the  whole  tuly  is  subject  to  the  heat  of  the  water  and 
the  steam  issuing  from  it,  and  when  the  morcury  has  risen  to  the  h^est 
position  attainable  by  the  heat  of  boiling  water,  another  graduation  is 
made  which  indicates  212  degrees — ^yiz.,  toe  boiling  point  of  water.  This 
graduation  should  be  made  when  the  barometer  stands  at  30  inches, 
because  the  boiling  point  of  water  varies  according  to  the  weight  of  the 
superincumbent  air  pressing  uuon  it. 

S^tween  the  §praduation  of  the  freezing  and  the  boiling  point  of  water 
the  space  is  divided  into  ISO  parts,  wmch  added  to  32  make  up  the 
boiling  point  of  water  to  212  d^rees,  being  the  graduation  of  Fahrenheit^ 
who  was  an  instrument-maker  of  Hamburg.  Why  he  divided  the  spaee 
between  the  freezing  and  boiling  point  of  water  nobody  appws  to  know, 
he  took  a  halt  circle  of  180  deimes  as  the  best  division  of  space. 


unless  he  took  a  half  circle  of  180  degrees 
If  the  thermometer  contains  air  the  mercury  divides  itself  frequently 
into  two  or  three  slender  threads,  each  separated  from  the  other  in  the 
capillary  bore,  and  thus  the  instrument  is  rendered  useless  until  the 
threads  again  coalesce.  If  the  thermometer  has  been  well  made,  and 
is  quite  free  from  air,  it  may  be  tied  to  a  string  and  swung  violently 
round,  when  the  centnfugal  force  drives  the  slender  threads  of  mercury 
to  their  common  source — ^viz.,  the  bulb  containing  the  quicksilver,  and 
the  whole  is  asain  united.  The  string  must  be  attached,  of  course,  to 
the  top  of  the  thermometer  scale. 

When  travelling  on  the  Continent  it  is  sometimes  desirable  to  be 
able  to  read  the  thermometers  which  are  graduated  in  a  different  manner 
to  that  of  Fahrenheit.  In  France  the  Centigrade  scale  is  preferred,  and 
in  many  parts  of  Germany  Reaumur's  graduation  The  differenoe  of 
the  graduation  is  seen  at  a  glance. 

In  the  Centigrade  the  freezing  point  is  0,  the  boiling  point  100% 
„     Beaumur  „  0,  „  80*. 

„     Fahrenheit  „  32^  „  213*. 

The  number  of  degrees,  therefore,  between  boiling  and  freezing  is 
100  in  the  Centigrade,  80  in  Eeaumur,  and  (212  —32,  that  is)  ISO  in 
Fahrenheit. 

If,  then,  the  letters  C,  K,  F,  be  taken  to  denote  the  number  of  degrees 
from  the  freezing  point  at  which  the  mercury  stands  in  the  Centigrade, 
Beaumur,  and  Fahrenheit  thermometers,  we  have  the  following  pro- 
portions :— 

(1.)  100:  80  ::  C  :  R,  wb|nceC  =  4of  R,  orR=:f  of  C. 
(2.)  180  :  100  ::  F  :  C,  wllnce  F  =  {  of  C,  or  C  =  I  of  F. 
(3.)  180:    80::  F.  R,  whence  F  =  AofB»  or  R  =  } of  F. 
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The  (bllowing  examples  will  show  how  to  apply  these  foimuliE : — 
(1). — Suppose  the  Reaumur  stands  at  28^,  at  what  height  does  the 

Centigrade  stand  P    We  have  G  =  4  of  E.  (in  this  case),  {of  28  =  35  : 

that  is,  the  Centigrade  stands  at  35  . 
(2). — Suppose  Fahrenheit  to  stand  at  41^  what  will  Reaumur  stand 

at  ?    R  =  I  of  (41  —  32)  (that  is,  the  number  above  freezing  in  Fahr.) 

=  ^  of  9  =:  4.    Reaumur  stands  at  4. 


(3). — Suppose  Fahrenheit  stands  at  23°,  what  will  the  Centigrade 
standatP    C  =^  of  F  =  *  of  (32-23)=4of  9=        "       " 
(or —6). 


5  below  freezing 


(4). — If  Fahrenheit  stands  at  4  below  0,  what  wiU  Reaumur  indicate  P 
R  =  ±  of  F  =  t.of  (32  -h  4)  =  I  of  36  =  16  below  0  (or— 16). 

The  only  liquid  wnich  has  the  exceptional  property  of  expanding  by 
cold  is  water,  and  it  will  be  seen  presently  that  this  curious  anomaly  is 
of  the  greatest  importance  in  the  economy  of  nature. 

If  a  Dox  containing  a  mixture  of  ice  and  salt  is  placed  round  the  top 
of  a  long  cylindrical  glass  containing  water  at  a  temperature  of  6Cr 
Fuhr.,  the  intense  cold  of  the  freezing  mixture,  which  is  zero — that  is 
to  say,  32^  below  the  freezing  jwint  of  water — ^yeiy  soon  reduces  the 
temperature  of  the  water  contained  in  the  ^lass,  and  as  ii  becomes 
colder  it  contracts,  is  rendered  heavier,  and  smks  to  the  bottom  of  the 
vessel,  and  its  place  is  taken 
bv  other  and  warmer  water. 
lliis  circulation  commencing 
downwards,  proceeds  till  the 
water  has  attained  a  tempe- 
rature of  about  40^  Fahr., 
when  the  maximum  density 
19  obtained  and  the  circula- 
tion stops,  because  after  sink- 
ing below  40^  the  cold  water 
beoomes  liffhter,  and  conti- 
nues to  be  so  until  it  freezes, 
and  of  course,  being  of  a 
less  specific  gravitv  than  the 
warmer  water,  it  floats  (like 
oil  on  water) upon  its  surface; 
so  that  a  small  thermometer 
placed  at  the  bottom  of  the 
jar  indicates  only  40°  Fahr., 
whilst  the  solid  ice  enveloping 
the  other  or  second  thermo- 
meter placed  at  the  top  may 
be  as  low  as  29^,  or  even 

lower  arf^ordinrrtrt  f  hp  nnnn.      Fig.400.   a».  Long  cylindrical  glaM  containing 
lower,  accoraing  10  ine  quan-  .^^^  ^^  ^^^  thermomtten :  t1>e  one  at  the  bottom 

nty  of  ice  and  salt  used  in  the  shows  a  temperature  of  40°;  the  other  at  the  too  ST, 

box  surrounding  the  top  of  JJ  *!«°  ***^*'l,»'  °aS'  !S***®"  **J  *~*i~°*!^ 
4« 1    _    /Tj|.    ^.,s^  X      *^        the  ice  and  salt,  and  standing  on  torn  legs,  two  o( 

the  gbss.  (Fig.  400.)  whleh  are  shown  at »  ». 
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The  importance  of  this  canons  anomaly  camiot  be  oyemted.  If 
water  did  not  possess  this  rare  property,  all  the  seas,  rivers^  eanals, 
lakes,  &c.,  would  gradually  become  imoassable  from  the  presoioe  of 
enormous  blocks  of  ice  formed  during  tne  winter.  The  whole  bulk  of 
water  contained  in  them  would  have  to  sink  below  32^  before  it  could 
solidify^rovided  water  increased  in  density  or  continued  to  contract  by 
cold.  Having  once  solidified,  the  warmth  of  the  rays  from  a  summer's 
sun  would  certainly  melt  a  great  deal  of  the  ice,  but  not  the  wholes  ami 
winter  would  come  again  before  the  solid  masses  had  disappeared.  "Dte 
ocean  could  not  be  navi^ted  in  safety  even  near  our  own  shores,  in 
.  consequence  of  the  vast  icebergs  that  would  be  formed,  and  float  about 
andjostle  each  other  even  in  the  British  Channel. 

Tne  earth  has  been  wonderfully  prepared  for  God's  highest  woik— 
Man,  and  in  nothing  is  this  supreme  wisdom  more  apparent  than  in  the 
fact  that  water  offers  the  only  known  exception  to  the  law  "  that  bodies 
expand  by  heat  and  contract  oy  cold." 

The  expansion  of  gases  by  heat  and  contraction  by  cold  take  place  in 
obedience  to  a  law  to  which  there  is  no  exception,  except  in  decree.  It 
was  discovered  ia  1801  by  M.  Gay  Lussac,  of  Paris,  and  also  about  the 
same  period  by  the  famous  English  philosopher  who  establi^ed  the 
atomic  theory — viz.,  bv  Dr.  Dalton.  Since  these  experiments  ana 
calculations  Kudberg,  Magnus,  and  Begiiault  have  made  other  researdieSk 
and  their  successive  expenraents  give  the  following  results : — 

Vols,  of  air.  TolnoMik 

Dalton,  Gay  Lussac    1000  heated  from  32**  to  212"*  became  1375 
Rudberg  ....    1000  „  „  „  1365 

Magnus,  Eegnault .    1000  „  „  „  1366*5 

As  a  natural  result,  air  at  32^  Fahr.  expands  -Ag^  part  of  its  volume 
for  every  degree  of  heat  on  the  scale  of  f  ahrenlieit ;  and  a  volume  of 
air  whicn  measures  491  cubic  inches  at  32^  will  measure  492  at  33^, 
493  at  34°,  and  so  on.  The  exception  is  only  in  degree,  and  Magnus 
and  Result  discovered  by  their  searching  experiments  that  the  gases 
easily  hquified  are  more  expansible  by  heat  than  air  and  those  gases 
^sucn  as  oxygen,  hydrogen,  and  nitrogen)  which  have  never  been 
liquified. 

The  expansion  of  air  is  easily  shown  by  placing  the  open  end  of  a 
tube  with  a  kq^  bulb  blown  at  the  other  extrenuty,  under  the  snrDJtoe 
of  a  little  coloured  water ;  on  the  application  of  heat  the  air  expandb 
and  escapes,  and  its  place  is  taken,  when  cool,  by  the  coloured  liauil 
Such  an  arrangement  represents  the  first  thermometer  constmotea  fay 
Sanctorio  about  A.i).  loOO,  which  might  certainly  answer  for  ronR& 
purposes,  but  as  the  ascent  and  descent  of  the  fiuid  depend  on  uie 
Dulk  of  air  contained  in  the  bulb,  and  as  this  is  affected  by  eveiy  change 
of  the  height  of  the  barometer,  no  satisfactory  indication  of  an  increase 
or  decrease  of  temperature  could  be  obtained  with  it^  although  the 
instrument  itself  is  mteresting  in  an  historical  point  of  view,  and  in  a 
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modified  form  as  an  air  thermometer  has  been  employed  by  Sir  John 
Leslie,  under  the  name  of  the  "Differential  Thermometer/'  in  his 
refined  and  delicate  experiments  with  heat.    (Fig.  401.) 


Fig.  401.  A.  Sanctorio**  original  air  thennometer;  the  expansion  and  contraction  of  the 
air  in  the  bulb  indicate  the  riae  or  fall  of  the  temperature.  The  cork  is  merely  a  aupport, 
«ad  is  not  fitted  into  the  bottle  air-tight,  a  o.  The  differential  thermometer.  When  ooth 
bnlbfl  are  subjected  to  a  uniform  temperature,  no  morementof  the  fluid  shown  at  n  oecurs ; 
but  if  the  bulb  a  is  put  into  any  place  warmer  than  the  position  of  the  bulb  c.  then  the  air 
expands  in  b,  and  oriTes  the  coloured  liquid,  which  consists  of  carmine  dissolred  in  oil  of 
vitriol,  up  the  scale  attached  to  the  stem  of  the  bulb  a 

Fire  balloons  are  a  good  example  of  the  expansion  of  gases,  and  the 
levity  of  the  air  thus  increasea  in  bulk  was  taken  advantage  of  by 
Montgolfier  in  the  construction  of  his  famous  balloon,  which,  with  a 
•cage  containing  various  animals,  ascended,  in  the  presence  of  the  King 
and  royal  family  of  France,  at  Versailles ;  and  in  spite  of  hu^c  reuts  in 
two  places,  it  rose  to  a  height  of  1440  feet,  and  alter  remaining  in  the 
air  for  eight  minutes,  fell  to  the  ground  at  the  distance  of  10,200  feet 
from  the  place  whence  it  started,  without  injury  to  the  animals. 
When  it  is  considered  that  a  volume  of  air  heated  from  32^  to  491"  is 
doubled,  and  tripled  when  heated  to  982^  it  wiJl  at  once  be  understood 
how  ^reat  must  be  the  asceDdins;  power  of  sucli  balloons,  provided  the 
air  within  them  is  kept  sufficiently  hot. 

That  gallant  aeronaut,  Pikte  de  Eozier,  offered  himself  to  be  the 
first  aerial  navigator ;  and  having  joined  Montgolfier,  they  made  three 
successful  ascents  and  descents  with  a  large  oval-shaped  balloon,  forty- 
eight  feet  in  diameter,  and  seventy-four  feet  hi^h.  On  tlie  fourth 
occasion  he  ascended  to  a  height  of  262  feet,  but  m  the  descent  a  gust 
of  wind  having  blown  the  macliine  over  some  large  trees  of  an  adjoining 
garden,  the  situation  of  the  brave  aeronaut  was  extremely  dangerous, 
and  if  he  had  not  possessed  the  strongest  presence  of  mind,  and  at  once 
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giten  the  baUoon  a  greater  Baoending  poirer,  b;  ispidl;  ai^jing  bis 
stove  vith  some  straw  and  chippod  wood,  be  migbt  on  thia  oocabkm 
have  met  witb  that  nntimelT  end  which  aubseqnea^,  in  inothB  laiii 
aerouautic  adventure,  befel  tnis  brave  but  foolhanij-  Frenchman. 

On  descending  again,  he  once  more,  and  without  the  sli^tcst  Jear. 
raised  himself  (a  a  considerable  he^ht  hj  feeding  his  fire  with  coomied 
straw.  Some  time  after  be  asceni^d,  in  company  with  H,  Gitaod  de 
Vilette,  U)  the  height  of  330  feet,  hoveriiu;  over  Paris  at  least  nine 
minutes,  in  siglit  olall  the  inbabitanta,  and  the  machine  keeping  all  the 
while  perfectly  stead;. 

The  dannr  in  using  this  method  of  inflating  the  baUoon  arises  from 
lepossibiUtj  of  generating  gaa,  which  eacapins  nnbnmt  into  the  bodf 

-1 — J^  jjjj  Yiff^  np,  or  ourn  aflerwards. 

Fiie 


of  the  baibon,  mav  accomnTate  ai 


usnallj  made,  ai-  — ,. 
dangerous  top,  anil 
ma;  sometimes  prove 
rather  costlj  to  the 
peison  who  aaj  seod 
them  off,  in  eonse- 
qaence  of  their  being 
blown  b;  the  wind  on 
a  haj  or  com  ri^,  or 
other  combustible  sub- 
stances. The  aafot 
mode  of  using  fiie  bal- 
loons is  to  fill  tkem 
with   hot  air   from   a 

Shted  gas  stove  (Wes- 
'a,  lor  instanoe) ; 
the  balloons  m&j  then 
be  naed  in  l&r^  rooms, 
or  ont  in  the  air,  with- 
out fear  of  doing  aaj 
harm  to  neigbboiuin^ 
property,  as  of  course 
the  stove  and  tbe  fire 
remain  behind,  ^"^ 
will  fill  any  number  of 
.tovB,  witii  rtnr  of  pu  Jrt.  airbaUoona.(Fig.403-) 
l".'Sh.i'^™„  Ji™3Ii  After  all  tbe  fnss 
made  about  the  iwTelty 
of  the  American  hot-air 
engine,  it  is  somewhat  amusing  to  look  back  to  the  records  of  civil 
engineering,  and  in  the  "  Transactions  of  the  Institntion  of  Civil 
Engineers,  to  read  Mr.  James  Stirling's  aooonnt  of  his  improTcd  air 
engine,  in  which  the  great  CKpansion  of  air  mentioned  ^p.  36S  bM 
been  snccessfully  applied.    The  engine  was  conatmct«d  about  tha  jeu 


1843,  ind  the  principle,  diicoTered  Ihirtj  jesrs  before  b}'  Mr.  S. 
Stirling,  will  be  comprehended  bj  reference  to  the  oat.  (Fig.  403.) 


Hg.  409.    BUiUBg'iiiTOiciiu. 


Two  strong  ^-tight  Teasels  are  connected  with  the  opposite  ends  ot 
a  crlinder,  in  which  a  piston  works  in  the  usual  manner.  About  foor- 
fiftus  of  the  interior  space  in  these  vessels  is  occupied  bj  two  similar 
■ir-tight  vessels  or  plungen,  which  arc  suspended  to  the  opposite 
extremities  of  a  beam,  and  capable  of  being  altematelj  moved  up  and 
down  to  the  extent  of  the  remaining  fifth,  Bj  the  motion  of  these 
interior  Tessels,  which  are  filled  with  non-cocductmg  substances,  the  air 
to  be  operated  upon  is  moved  from  one  end  of  the  eiterior  Tcssel  to  the 
other,  and  aj  one  end  is  kept  at  a  high  temperature,  and  the  other  as 
oold  ai  possible,  when  the  air  is  brought  to  the  hot  end  it  becomes 
heated,  and  has  its  prcasure  increased  ;  and  when  it  is  brought  to  the 
oohl  end,  its  heat  and  pressure  arc  diminished.  Now,  as  the  interior 
vessels  necessarily  move  in  opposite  directions,  it  follows  that  the  pressure 
of  the  enclosed  air  in  the  one  vessel  is  increased,  while  that  of  the  other 
is  diminished.  A  difference  of  pressore  is  thns  produced  upon  the 
opposite  sides  of  the  piston,  which  is  thcrcbj  made  to  move  from 
the  one  end  of  the  cjlinaer  to  the  other,  and  hj  continuallj  reversing  the 
motion  of  the  suspended  bodies  or  plungers,  the  greater  pressure  U 
■accessivelj  thrown  upon  a  different  side,  and  a  reciprocating  motion  or 
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the  piston  is  kept  up.  The  piston  is  connected  with  a  flj-vheel  in  aor 
of  the  usual  moaes ;  and  the  plungers,  by  whose  motion  the  air  is  heakd 
and  cooled,  are  moved  in  the  same  manner,  and  nearly  at  the  same 
relative  time,  with  the  valves  of  a  steam  ensine. 

The  pressure  is  greatly  increased  and  maae  more  economical  b j  nsis^ 
somewhat  highly-compressed  air,  which  is  at  first  introduced,  and  is 
afterwards  maintained,  by  the  continued  action  of  an  air-pomp.  Ik 
pump  is  also  employed  in  filling  a  separate  magazine  with  compressed 
air,  from  which  the  engine  can  be  at  once  charged  to  the  voridng 
pressure.  Mr.  Stirling's  chief  improvement  consists  itt  tamiig  all  or 
nearly  all  the  heat  of  the  expanded  air  after  it  has  done  iti  work,  b; 
passing  it  from  the  hot  to  the  cold  end  of  the  air  vessel  throogli  i 
multitude  of  narrow  passages,  whose  temperature  is  at  the  begmning 
of  the  tubes  nearly  as  great  as  that  of  the  hot  air,  but  endoallj 
declines  till  it  becomes  nearly  as  low  as  the  coldest  part  oi  the  air 
vessel.  The  heat  is  therefore  retained  by  these  passages,  so  that  vbeD 
the  mechanism  is  reversed,  the  cold  air  returns  iu;ain  Uirough  these  hot 
pipes,  and  is  thus  made  nearly  hot  enough  by  the  time  it  reaches  tbe 
neating  vessel  to  do  its  work.  Thus,  instead  of  being  obliged  to  sapplj 
at  every  stroke  of  the  engine  as  much  heat  as  would  be  sufBdeat  to 
raise  the  air  from  its  lowest  to  its  hij^hest  temperature,  it  b  necessaij 
to  furnish  only  as  much  as  will  heat  it  the  same  number  of  d^rees  \ff 
which  the  hottest  part  of  the  air  vessel  exceeds  the  hottest  part  of  the 
intermediate  passages.  This  portion  of  the  engine  may  be  called  the 
economical  process^  and  represents  the  foundation  of  all  the  success  to 
which  it  has  attained  in  producing  power  with  a  small  expenditpie  of 
fuel.  No  boiler  being  required,  of  course  the  dan^r  of  explosions  is 
much  lessened.  The  higher  the  pressure  under  which  the  engioe  ns 
worked  the  greater  was  the  effect  produced.  A  small  engine  on  tiiis 
principle  was  worked  to  a  pressure  of  360  pounds  on  the  square  inch; 
and  perhaps  the  best  popular  notion  of  the  novelty  in  the  arrangemeat 
is  that  suggested  by  Mr.  G^rge  Lowe,  who  compared  the  economical 
part  of  the  machine  to  a  "  Jeffrey's  Respirator"  used  bv  consumptiTe 
patients.  The  heat  from  the  air  expired  oeing  retained  by  the  lamiiuei 
and  again  used  when  cold  air  is  inspired  or  drawn  into  the  lungs.  Mr. 
Stirling  states  that  the  consumption  of  fuel  as  compared  to  the  steam 
engine  which  the  air  engine  had  reoLiced  was  as  6  to  26 ;  the  same 
amount  of  work  being  now  performea  by  about  six  cwt.  of  coals  which 
had  formerly  required  about  twenty-six  cwt.,  though  he  ought  to  have 
stated  that  the  steam  engine  removed  was  not  of  the  best  constractiooi 
nor  had  the  boiler  any  cbse  covering.    (Fig.  403.) 

Conduction  of  Heat. 

Tliis  property  of  heat  with  reference  to  matter,  and  the  consideratioD 
of  the  curious  manner  in  which  it  creeps,  as  it  were,  through  soHd  sab- 
stances,  brings  the  thoughtful  mind  at  once  to  the  bold  question  of 
Wliat  is  heat?    Is  it  to  be  regarded  as  something  real  or  material F  or 
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moat  it  be  considered  only  as  a  property  or  state  of  matter?  These 
questions  are  not  to  be  solved  easily,  and  they  demand  a  considerable 
amount  of  experiment  and  reasoning  even  to  appreciate  their  meaning. 

If  a  red-hot  ball  is  placed  in  the  focus  of  a  concave  metallic  speculum, 
it  gives  out  certain  emanations  that  are  quite  invisible,  but  which  are  re- 
flected from  the  surface  of  the  mirror  in  the  same  manner  as  visible  rays 
of  light,  and  mav  be  collected  in  the  focus  of  another  and  second  con- 
cave speculum,  when  they  can  be  concentrated  on  to  a  bit  of  phosphoniSy 
and  will  cause  the  combustion  of  that  substance.  If  the  air  from  a  pair 
of  bellows  is  blown  forcibly  across  the  rays  of  heat  as  they  are  being  con- 
centrated upon  the  phosphorus,  the  rays  are  not  moved  from  their 
course,  they  are  no  more  blown  away  than  a  sunbeam  darting  through 
an  aperture  in  a  cloud  on  a  stormy,  wmdy  day.  The  heat  has,  therefore 
nothing  to  do  with 
the  air,  and  is  whoUy 
independent  of  that 
medium  in  its  pas- 
sage from  one  mirror 
to  the  other.  Such 
an  experiment  as  that 
descnbed  would  at 
once  suggest  the  idea 
that  heat  is  a  matter 
tut  generis,  a  compo- 
nent part  of  all  oo- 
dies,  and  given  off 
from  incandescent 
matter,  the  sun,  &c., 
and  that  it  may  be 
propagated  thronch 
space  much  in  tne 
same  manneras  light. 
(Fig.  404.)  Theme- 
chaoism  may  be  very 
much  like  the  cor- 
puscular movement  of  Ught  as  defined  by  Sir  Isaac  Newton,  and  ab-eadv 
exphuned  m  another  portion  of  this  book.  Hence  it  has  been  supposed 
that  h«it  IS  propagated  through  the  air,  water,  and  soHd  substances  by 
a  direct  emission  of  material  particles  from  the  heat-giving  airent  and 
that  these  molecules  of  heat  force  their  way  into,  or  along,  or  throujrh 
Inem,  accordine  to  circumstances. 

Certain  bo<fies  are  almost  transparent  to  heat  rays,  such  as  air. 
whilst  others  take  an  intermedial  position,  and  only  stop  a  certain  quan- 
IK^'^  1  ""plec^J.^.  a^ch  as  rock  crystals,  mirror  glass,  and  alum. 
A  third  class  of  bodies  absorbs  the  heat  plentifully,  such  as  char- 
coal, black  cloth,  &c. ;  and  a  fourth,  when  polished  and  pbiced  at  the 
proper  ande,  reflects  or  throws  off  the  heat,  as  in  the  case  of  polished 
mirrors.    Ihe  transparency  or  opacity  of  substances  (so  far  as  light  is 


Fig.  IM.   Heat  reflected  by  mirror,  bat  not  blown  away  br 

air  from  bellows. 
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concerned^  does  not  affect  the  tnmsmissioii  of  heat.  laAt  of  every 
oolonr  ana  from  all  sources  is  equally  transmitted  by  all  tran^tttBt 
bodies  in  the  liquid  or  solid  form,  but  this  is  not  the  case  with 
heat. 

The  rays  of  heat  emitted  by  the  sun  and  other  luminous  bodies  hare 
properties  quite  different  to  the  rays  of  light  with  whioh  they  are  aeoom* 
pamed.  From  these  statements  it  will  be  evident  that  the  maieriai 
4heory  of  heat  is  surrounded  with  difficulties  and  anomalies  that  cannot 
be  reconciled  the  one  with  the  other,  or  neatly  adapted,  fitted  in,  and 
dovetailed  with  all  the  puzzling  phenomena  that  arise.  Our  knowledge 
of  the  theory  of  heat  nas  been  greatly  assisted  by  the  researdies  of 
MeUoni,  who  has  demonstrated  that  different  tpeciet  of  raTS  of  heat  are 
given  off  by  the  same  body  at  different  temperatures,  whicn  may  be  dis- 
tinctly sifted  and  separated  from  each  other.  Long  before  the  expeii- 
ments  of  Melloni  pliiJosophers  had  endeavoured  to  weigh  heat;  trains 
of  the  most  delicate  levers  were  exposed,  without  effect,  to  the  actioD 
of  heat  rays ;  and  all  attempts,  experimental  as  well  as  theoretical,  to 
define  heat  by  the  material  theory,  are  imperfect,  crude,  and  nnsatis- 
factonr.  We  are  perforce  obliged  to  adopt  another  theory,  and  the  one 
that  ootains  the  greatest  favour,  as  offering  the  best  defimtioii  fA  beat, 
is  the  dynamical  theory,  which  is  more  or  less  analogous  to  the  imdok- 
tory  theory  of  light.  At  pages  308, 388,  395,  this  theoiy  has  been  partly 
explained  and  in  speaking  of  it  again,  sreat  care  must  be  taken  not  to 
confuse  the  undulations  of  heat  with  those  of  light.  The  sun  and  the 
stars  swim  in  a  molecular  medium,  and  39,180  vibrations  or  waves  must 
occur  in  one  inch  to  produce  the  sensation  of  red  liriit,  and  57,490 
undulations  in  the  spacQ  of  one  inch  to  produce  a  violet  Bght.  As  vibn- 
tions  of  the  ether^  molecules  affect  the  eye,  so  there  may  be  other 
nerves  in  our  bodies  which  are  peculiarly  sensitive  to  the  waves  of  heat. 
It  requires  eight  vibrations  of  the  air  to  occur  in  a  second  to  prodnce 
an  auoible  sound;  whilst  if  the  vibrations  of  the  air  amount  to  25,000 
per  second  they  cannot  be  i^preciated  by  the  human  ear,  altboogh  it  is 
possible  to  conceive  that  the  ears  of  certain  animals  may  be  so  suscep- 
tible of  rapid  vibrations  that  they  may  be  able,  for  certain  wise  purposes 
of  the  Creator,  to  appreciate  sounds  which  are  inaudible  to  human 


Melloni  exhibited  a  spectrum  to  a  number  of  persons,  and  found  that 
there  was  more  light  apparent  to  some  eves  than  to  others.  Lubeck 
put  a  scarlet  doth  on  a  donkey,  and  found  that  the  two  were  frequenth" 
confounded  together  by  the  eyes  of  many  spectators.  These  fiusts  indi- 
cate that  there  may  be  vibrations  of  molecules  that  prodnce  the  sensation 
of  heat,  but  whidi  do  not  affect  the  nerves  that  are  sensitive  to  the 
action  of  light  waves,  and  vice  vend;  and  it  is  also  probable  that  all  these 
different  undulations,  some  affording  heat  and  some  light,  may  be  gene- 
rated and  propagated  through  space,  as  from  the  sun ;  or  throii(E^  shorter 
distances,  as  irom  burning  lamps  and  fires,  without  in  any  way  intex^ 
faring  with  or  impeding  each  other's  proeress. 

The  dynamical  theoiy  seems  to  offer  the  best  idea  of  the  transmissiQii 
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of  heat  which  is  carried,  conducted,  or  propagated  through  solids  with 
variable  rapidity,  either  by  the  vibration  of  the  constituent  molecules  of 
the  bodv  itself,  or  by  the  undulation  of  a  rare  subtle  fluid  which  per 
yades  tnem.  If  a  copper  and  iron  wire  of  the  same  lenfi;th  and  diameter 
are  bound  together  and  heated  at  the  point  of  union,  tne  waves  of  heat 
travel  faster  through  the  copper  than  the  iron,  and  the  former  is  said  to 
be  the  best  conductor  of  heat ;  and  the  fact  itself  is  demonstrated  by 
placing  a  bit  of  phosphorus  at  the  end  of  each  metallic  wire,  and  it  will 
oe  found  by  experiment  that  the  combustible  substance  melts  first  and 
takes  fire  on  the  copper,  and  that  a  considerable  interval  of  time  elapses 
before  the  phosphorus  ignites  on  the  iron. 


fig.  406.  o.  Copper  wire  boond  at  ▲  to  i,  an  iron  wire.  After  the  heat  of  the  lamp  baa 
been  appded  for  abont  five  minates  the  hesi  travels  to  o  flret,  and  ignites  the  bit  of  phos- 
pborua  placed  there.    After  some  time  has  elapsed  the  phosphoms  at  x  also  ignites. 


The  same  fact  is  exhibited  in  a  most  striking  manner  by  inserting  a 
series  of  rods  of  equal  lengths  and  thicknesses  in  the  side  of  a  rectan- 
g|ular  box,  allowing  them  to  pass  across  the  interior  to  the  opposite 
side.  The  rods  are  composed  of  wood,  porcelain,  glass,  lead,  iron,  zinc, 
copper,  and  silver,  and  have  attached  to  each  of  their  extremities,  by 
wax  or  tallow,  a  clay  marble.  When  the  water  placed  in  the  box  is  made 
to  boil,  the  heat  passes  along  the  different  rods,  and  melting  the  wax  or 
tallow,  allows  the  marble  to  drop  off.  Consequently  the  first  marble 
would  drop  from  the  silver  rod,  the  next  from  the  copper,  the  third 
from  the  iron,  the  fourth  from  the  zinc,  the  fifth  irom  the  lead, 
whilst  the  porcelain,  glass,  and  wooden  rods  would  hardly  conduct  (in 
several  hours)  sufficient  heat  to  melt  the  wax  or  tallow,  and  discharge 
the  marbles. 

Conduction  o/Meials, 

Gold 1000 

SUver 973 

Copper 898-9 

Iron 374-3 

Zinc 363 

Lead 1796 
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The  experiment  is  madi 
more  striking  if  tlie  mazbles 
arc  allowed  to  fall  on  a  lerer 
connected  with  the  detent  of 
a  clock  alanuD,  which  rings 
every  time  a  marble  falls  fiooi 
one  of  the  rods.  (¥i%.  406.) 

During  a  cold  frosty  dij, 
if  the  hand  is  placed  in  con- 
tact with  varions  snbstano^ 
some  appear  to  be  colder  tbn 
others^  although  all  maj  be 
Fig.  406.  A  B.  Troogh  conuining  boiling  water,  precisely  the  same  temperir 

^^^'^^S^J^  ^^Z'  £  ?t®  *feV*  "^  JS"*  ture :  this  circumstance  is  dne 
marblet  attodied,  one  of  which  hM  fUlen.    s.  The    .      ,1  •  j     14       ,^^^ 

tny  to  reodve  the  marbles.  to  their  conducting  power: 

and  a  piece  of  slate  seems 
colder  than  a  bit  of  chalk,  because  the  former  is  a  much  better  ooo- 
ductor  than  the  latter,  and  carries  away  the  heat  from  the  body  iritli 
greater  rapidityi  and  diffuses  it  through  its  own  substance. 

Thegradnalpassage 

y  .uiv.'.  .        ^,.  I  _  _^>s      of  heat  along  a  bar  of 

iron  as  compared  vitJi 
one  of  copper,  is  well 
illuatratea  by  sup- 
porting the  ends  of 
the  two  bars  on  tk 
top  of  the  chimney  of 
an  azgand  lamp,  whilst 
the  other  extremities 

Fig.  107.  A.  Section  of  an  arsand  gas  lamp,  with  a  conpcr  ^^e  held  in  a  horixoo- 
dhinuwT  sapportinff  the  ends  of  the  nirs  of  copper  and  iron  tal  position  by  llttK 
marked  c  ima  i.    The  balls  have  fUlen  from  0,  the  copper    ^Iq^*]^  of    ^ood.    If 

marbles  are  attached 
by  wax  to  the  under  side,  they  fall  off  as  the  heat  travels  along  the 
metallic  bars,  and  more  rapidly  from  the  copper  than  the  iron,  because 
the  former  is  a  better  conductor  of  heat  than  the  latter.  ^Fig.  407) 

From  the  experiments  of  Mayer,  of  Erlangen  (*'  Ann.  cie  Uh.,"  xxx ), 
it  would  appear  that  the  conducting  powers  of  oifferent  woods  are  to  a 
certain  extent  to  be  regarded  aa  m  the  inyerse  proportion  to  their 
specific  grayities — i.e.,  the  greater  the  density  of  the  wood  the  less  con- 
ducting power,  and  the  contrary. 

If  a  cylindrical  bar  or  thick  tube  of  brass,  six  inches  long,  and  about 
(WO  inches  in  diameter,  is  attached  to  a  wooden  cylinder  of  the  same 
size,  the  conducting  powers  of  the  two  substances  are  well  displaced 
by  first  strainmg  a  sheet  of  white  paper  over  the  brass,  and  then  holding 
it  in  the  flame  of  a  spirit  lamp.  The  heat  beine  conducted  rapidly  away 
by  the  metal  will  not  scorch  the  paper,  until  the  whole  arrives  at  a 
uniform  high  temperature ;  whereas  tne  paper  is  rapidly  burnt  when 
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Btrained  over  the  wooden 
OTlbdet,  because  the  heat  of 
tne  flame  of  the  lamp  is  con- 
centrated upon  one  point, 
and  is  not  aiffused  throo^b 
the  mass  of  the  vood.  (Fig. 
403.) 

In  the  course  of  the 
higbl;  pMlosophical  eiperi- 
mcnta  of  Sir  H.  Dav;,  wDich 


led  tuEo  gradually  to  the  dis' 
ooTery  of  tlie  construction 
of  tbe  safety  lamp,  he  con- 
nected toget"lier,  bj  a  copper 
tube  of  a  small  Iwre,  two 
vessels,  each  contsining  an 
eiplosive  mixture  composed 
of  fire  damp  and  air.  When 
the  uiiiture  was  fired  in  one 
Tcsscl  he  foucd  that  the 
flame  did  not  appear  to  be  ^  ^ 
able  to  travel,  as  it  were,  otbff  ntniiiitj/ihu]ed,ii 
across  the  bridge— viz.,  the 
copper  tube — oud  communicate  with  the  other  magazine,  because  it  was 
deprived  of  its  beat  whilst  passing  tbrough  the  tube,  and  was  no  longer, 
flame,  but  simply  gaseoua  matter  at  too  low  a  tempcratura  to  effect  Uio 
inflammation  of  tbe  mixture  in  tbe  second  box. 

u  of  cold  metal  maj  be  suddenly  applied  to  a  small  flame,  sucb 


metal  mav  be  suddenly  applied  to  a  small  fla 
light,  ana  depriving  it  rapidly  of  beat  (like 
:  Russian  described  at  page  ltS4),  it  is  almc 


F)g.  Wa.    1.  SdmU  ftMm  b«E  night  light.    >  c.  Irg*  nui  of  mid  coniet  win  open  tt 
holbaidiloplicflDTH]lAme»udbjcDa(lDcUanofIbehnC  tofliUiigiaUhU, 

of  the  air,  but  on  acconnt  of  the  withdrawal  of  the  beat  necessary  for 
the  maintenance  of  tbe  combustion. 

ffirH.  Davy  first  thonght  of  making  bis  safety  lamp  with  small  tnbet^ 
whuh  would  supp^  tnttt  m,  and  carrr  off  the  b'lmt  or  foul  air,  >t  ths 


434  sot's  flatbook  op  bcibhce. 

Hme  time  tlier  were  to  be  so  n&iTOW  that  noflame  ooald  pus  ont  of  hielwif 

to  coniinumc3t«  with  an  outer  eipliisiTe  atmnspbcre;  ami  ui  apealdng 
of  his  lamp  with  tubes  he  aays ; — "  I  soon  disoorered  that  \few  opeHMrm, 
CTen  of  very  smiiU  diameter,  were  not  safe  unless  their  ada  were  Tffj 
dfep ;  that  a  smgle  tube  of  onc-twent;-eightii  of  an  inch  in  diamela', 
W  two  inches  long,  soffered  the  explosion  to  pasa  throng  it;  and  thai 
a  areai  mmber  of  small  tultes,  or  of  apertures,  stopjied  explosion,  em 
when  the  dspths  of  their  sides  was  onlj  equal  to  their  dianeten.  And 
at  last  I  amved  at  the  coDclusion  that  a  aetatiie  liut^,  however  this 
and  fine,  of  which  the  apertures  filled  more  space  than  tbe  rDriing 
surface,  so  as  to  be  permeable  to  air  and  lieht,  offered  a  perfect  barriei 
to  erploiitm,  from  the  force  being  divided  ielxee*,  and  the  heat  oom- 
mnnicated  to  an  imaeiue  number  of  tarjaee*.  I  nude  several  attempts 
to  construct  safety  lamps  which  abould  give  light  in  all  eiplosive  mixtoccs 
of  fire  damp,  and  after  complicated  combinations,  1  at  length  arrived  at 
one  evidently  the  most  simple,  that  of  turroundtH^  tig  ligU  aiiirdj  kj 
wire  gauie,  and  aakisg  the  lane  liime  feed  tie  _flame  mti  air  aad  em/ 

tiffhi:\ 

If  a  nnmber  of  square  metallic  tubes  of  a  fine  bore  an  placed  apnght 
side  bj  side,  and  a  section  cut  off  horiEontally,  it  would  represent  the 
wire  gaoze  which  possesses  such  marvellous  powers  of  sifting  aw^ 
the  heat  from  a  flame,  so  that  it  is  destroyed  in  its  attempted  passage 
tbrougl  the  metallic  meshes ;  and  of  this  fact  a  number  oi  proofs  Btiy 
be  adduced. 

A  gas  jet  delivering  coal  gas  may  be  placed  under  a  sheet  of  Mm 


tbe  mouth  of  tbe  jet  by  tbe  oooling 
action  of  the  wire  gauze.  The  ssiae 
eiperiment  reveraed,by  holding  tbe 
^lue  over  the  gas  bamins  fnun  the 
jet,  shows  atill  more  deddedly  that 
flaioe  will  not  pass  throngh  toe  me- 
tallic tisane.  (Fig.  UQ.) 

Sir  H.  Davy  again  s«ys  -.  "  Hiooj^ 

all  the  specimens  of  fire  damp  which 

I  had  examined  consbted  ot  carba- 

retted  hydn^enmiied  with  different 

1.  AnnmberDraqmntoba    small  proportions  of  carbonic  acid 

I.    Tin  »iTQn  itaoin   Uu   ^mj  (ommoB  air,  jet  some  phcao- 

, '   mena  I  observed  in  the  combostioa 

of  a  ilMter  indooed  me  to  believe 
that  small  quantities  of  olefiant  gas  may  be  sometimes  evolved  in  coal 
mines  with  the  carburetted  bydi^en.  I  therefore  resolved  to  nuie 
all  lamps  safe  to  the  test  of  the  ffiu  prodaeed  by  the  dittiUatitm  of  coat, 
which,  when  it  has  not  been  exposed  to  water,  always  conbuus  ole- 
fiant gas.  I  placed  my  lighted  lamps  in  a  lai^  glass  receiver  tbrangti 
which  there  was  a  current  of  atmospherical  air,  ud  by  means  oT  * 
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P  .  ...  IT  fUled  witU  conl  gaa,  I  made  the  cnireDt  o(  air  whioti  puud 
into  the  lamp  more  or  less  eiplosive,  ind  caused  it  to  change  raptdljr  or 
slowl;  at  pleasure,  go  as  to  produce  all  possible  varieties  olinflsmmable 
Nid  explosiTe  mixtures,  and  I  found  tuit  iron  maze  wire  composed  ot 
wires  from  one-fortieth  to  one-aixtieth  of  an  inch  in  diameter,  and  con- 
taining tiTcntj-eigfat  wires  or  scTcn  bimdred  and  eightj-foar  apertures 
to  the  inch,  mu  mfi  under  all  eirciaulaiica  in  almoipitrti  of  Hit  kind; 
and  I  coDseaneDUj  adopted  this  material  in  guarding  lamps  for  the 
eoal'minea,  when  in  Januarj,  1316,  the;  were  immediately  adopted,  and 
have  long  been  in  general  use." 

The  remarkable  conducting  power  of  wire  ganxe  is  further  shown  07 
placing  some  lumps  of  camphor  on  a  piece  of  this  material,  and  when 
the  heat  of  a  sj>int-kmp  is  applied  on  the  under  side  of  the  gauze,  the 
camphor  vohitilizea,  and  as  ttie  vapour  is  remarkablv  heavj,  it  falb 
through  the  meshes  of  the  eauie,  and  tales  fire;  but  the  most  curious 
and  further  illustration  of  the  conducting  power  of  the  wire  meshes  is 
shown  in  the  fact  that  the  fire  does  not  communicate  through  the  tbin 
film  of  gauze  to  the  lamps  of  camphor  placed  upon  it. 

The  camphor  ma;  be  ignited  bj  applying  flame  to  the  upper  side  of 
the  ganze,  showing  that,  although  this  substance  is  so  ciceedinglj  com- 
bustible, it  will  not  take  fire  even  if  placed  at  no  greater  distance  from 
flame  than  the  thickness  of  the  wire  gauze,  provided  the  latter  mate- 
rial is  interposed  between  it  and  the 
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siderable  iet  of  coat  gns  forced  upon  1 
it  from  tue  outside,  or  a  large  yae  ^ 
of  etber  vapour  poured  upon  it ;  and 
although  the  box  may  be  full  of  flame, 
arising  from  the  eomonstion  of  the  gas 
or  ether,  the  Are  does  not  come  ont  of 
the  wire  box  at  communicate  with  the 
jet  cr  the  etber  vapour  as  it  is  poured 
from  the  jug.  (Fig.  411.) 

Sir  Humphref  Davj^a  safet;  lamp 
consists  of  a  common  oii-lamp,  /  with 
a  wire  through  the  cistern  for  the  par- 
pose  of  raising  or  depressing  the  oot- 
toD  wick  without  unscrewing  the  wire 
gauze ;  A  is  the  male  screw  ntting  the 
acrew  attached  to  the  cjlinder  ofwire 
niuze,  which  is  made  double  at  the  top. 
The  entire  lamp  is  shown  at  a,  whilst   \ 
the  platmnm  coil  which  Sir  H.  Davv   c 
recommends  should  be  wound  round  {S,*^^ Xi'ri^c^™uS 
the  wick  is  shown  at  k.    The  small  wtihthitiDitujuR. 


BOV  B  PLATBOOK  OF  BCIEKCE. 


eightieth  of  an  inch  in  thit^- 
ness,  fKstened  to  the  irire  Ut 
raising  or  depressing  the  cot- 
ton wick,  and  shonla  the  limp 
be  extinguished  in  an  eiplo- 
sire  mixture,  the  little  ooil  of 
platinum  begins  to  glow,  ud 
will  afford  suffident  light  to 
guide  the  miner  to  a  safe  part 
of  lie  mine.  With  respect  to 
this  platinum  coil.  Sir  H. 
Davj  gtres  a  carefnl  chai^ 
and  Bays:  —  "The  greatest 
caj«  muat  be  taken  that  no 
Gkment  or  vire  of  platinnm 
protrudes  on  the  exterior  of 
the  lamp,  Jbr  (iit  would  Jae 
exlemaUj  am  eipiotife  tnr- 

Since  the  invention  of  the 
Davj  lamp,  a  great  number 
of  modifications  have  bees 
brought  fonrard,  scone  of 
^hich  for  a  short  time  have 
occupied  the  public  attention,  but  whether  from  increased  cost  or  a 
sort  of  inertia  that  arrests  improvement,  it  is  certain  that  the  lamp 
orieina]];  devised  b;  Sir  Humphrey  Darf  is  still  the  favourite.  It  was 
perhaps  unfortunate  that  the  lamp  was  <klled  the  lafelg  lunp,  because 
it  is  not  BO  under  every  circumstance  that  maj  arise,  unless  it  happens 
to  be  in  the  hands  of  persons  who  have  taken  the  trouble  to  studj  it 
and  undeistaad  how  to  correct  the  faults.  The  lamp  might  have  escaped 
the  incessant  attarks  that  have  been  made  upon  its  just  merits,  if  the 
name  had  simply  been  that  of  its  illustrious  inventor — "  a  Davy  lamp." 
No  one  could  carp  at  that,  whilst  "  safetv"  was  held  to  mean  perfect 
immunity  from  every  possible  and  probable  danger  that  might  arise  in 
the  coal-pits.  The  lamps  are  now  usually  placed  under  the  char^  of 
one  man,  who  trims  them  and  ascertains  that  the  wire  gauze  is  in  perfect 
order;  this  latter  is  usually  locked  upon  the  lamp,  and  as  it  is  a  penal 
offence,  and  punishable  by  a  heavv  fine  and  imprisonment,  to  remoTe  the 
wire  gauze  from  safety  lamps  in  oaugerous  parts  of  the  mine,  of  course 
' '  re  being  gradually  brought  to  a  sense  of  the  obligatiDns  the* 

—  »_J  tl,.;.  v._ii, liners,  and  the  rash,  ignorant,  aoH 

1  safety  lamps  for  moro  illumin>ti<Ri, 
„  ,  ,  .  e  becoming  much  less  frequent  than  formerly.  One 
of  the  most  ingenious  "detM^tOT  lamps"  ia  that  of  Mr.  Srmona,  at 
flinningham.    (Fig.  113.)    It  consiated  of  the  old-fashioned  I^vy,  b^ 


Ilumpbref  Qirft  uf«tj  lamp. 


e  themselves  and  their  hrother-m 
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buide  the  rira  of  the  wire  mute  is 
placed  n  small  extinguisber  ana  spring, 
vhich  does  not  move  so  long  as  the 
gauie  is  screwed  on  to  the  Ibidii,  bat 
direotlj  the  gauM  is  unscrewed,  the 
reversed  moTement  releases  the  detent, 
and  the  extinguisher  fails  upon  the 
light.  In  spite  oT  the  manifest  inge- 
nuit;  of  this  lamp,  it  is  not  adopted, 
because  it  costs  a  trifle  more  than  the 
ordinary  "  Davj,"  To  show  the  re- 
markable perfection  of  the  wire  gaoie 
principle,  some  turpentine  nmj  bo 
poured  npon  a  lighted  safety  lamp, 
when  &  great  smoke  is  produced  b;  the 
evaporation  of  the  spirit,  but  no  oame 
passes  through  to  the  outside,  although 
the  turpentine  bums  inside  the  lamp. 
If  some  coarse  gunpowder  is  laid  upon 
two  thicknesses  of  fine  wire  gaute,  it 
ma;  be  heated  from  below  with  the 
flame  of  the  spirit  lamp,  and  the  sulphur 
will  gradnsll;  volatilise  without  setting 
flre  to  the  mass  of  powder.  To  show 
tne  securitj  of  the  Davy  lamp,  it  may 
be  lighted  and  hung  in  a  large  box 
with  class  sides,  open  at  the  top,  and  a 
jet  ofcoal  gas  supplied  at  the  bottom ; 
as  this  rises  and  diffuses  in  the  air,  the 
mixture  becomes  explosive  and  the  ^  ^^  Sjmoi..- «lf-.iiinsul.htog 
fact  IS  at  once  evident  by  the  altera-  Davjluip, 

tion  in  the  appearance  of  the  flame 

of  the  lamp,  which  enlarges;  flickers,  and  freqnertly  goes  out,  in  conse- 
quence of  the  suddenness  with  which  the  explosion  of  the  mixture  takes 
place  inside  the  lamp,  producing  a  concussion  that  extinguishes  the 
Same,  In  this  case  the  utility  of  the  platitinm  coil  is  very  apparent, 
and  it  continues  to  glow  with  a  red  heat  until  the  explosive  cliaracter 
of  the  air  in  the  box  is  changed. 

If  a  large  washhand-basm  is  first  wanned  by  some  boiling  water, 
which  is  then  poured  awa^,  and  a  drachm  of  ether  thrown  in,  a  bighl^- 
combnstible  atmosphere  is  obtained,  and  when  a  lighted  Davy  lamp  is 
pbced  into  the  basin  so  prepared,  the  flame  inside  the  lamp  immediately 
enlarges  and  fiiokers,  but  is  not  extingnished,  and  does  not  communicate 
to  the  combustihle  vapour  outside.  The  contrast  between  the  safety 
lamp  and  an  unprotected  flame  is  very  striking ;  if  a  lighted  taper  is 
thrust  into  the  basin,  the  ether  catches  fire,  and  bums  with  a  ve^ 
large  flame.  The  solid  conductors  of  heat,  which  are  said  to  enjoy  tills 
proper^  in  the  highest  degree,  are  the  metals,  marble,  stone,  slate,  and 
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other  dense  and  compact  solid  substancM;  whilst  the  opposite  mufitj 
of  being  non-conductors,  or  nearlj  so,  is  possessed  by  nur,  woocC  silk, 
cotton,  wool,  eider  and  swansdown,  paper,  sand,  charooal,  and  erei; 
substance  which  is  of  a  light  or  porous  nature.  Tlie  practical  applka- 
tion  of  this  knowledge  is  very  apparent  in  the  affairs  of  eveiy-day  life. 
Thus  we  rise  in  the  morning,  ana  immediately  after  the  necessary  abla- 
tions, if  it  is  winter  time,  proceed  to  encase  the  bodv  in  non-conoactocs 
such  as  flannel  and  wool  When  we  sit  down  to  the  breakfast  tabJe  to 
make  tea,  we  may  notice  the  contriyanoes  for  preyenting  the  handle  of 
the  top  of  the  urn,  or  that  of  the  teapot,  from  oecoming  too  hot  for  the 
fingers,  by  the  interposition  of  iyory  or  wood.  If  askS  to  place  water 
in  the  teapot  from  tlie  kettle,  we  instinctiyely  seek  for  the  well-wom 
kettle-holder  made  of  Berlin  wool,  and  therefore  a  bad  conductor.  As 
we  cut  our  meat  or  fish  at  the  same  meal,  we  may  shiyer  with  cold,  but 
our  Angers  are  not  quite  frozen  by  contact  with  the  steel  knives^  as  we 
hold  them  by  ivory  handles ;  and  we  are  ameably  reminded  that  some 
metals  are  good  conductors  of  heat,  by  the  pleasant  warmth  of  the 
silver  teaspoons,  as  we  stir  our  tea  or  coffee. 

Even  the  polish  of  the  well-rubbed  mahogany  is  protected  from  the 
heat  of  the  oishes  by  non-conducting  mats,  and  olates  are  handed  aboat, 
if  "nice  and  hot,  with  a  carerally-wrappea  non-conducting  linen 
napkin.  Supposing  we  prefer  a  bit  of  fresh-made  toast,  the  fork  is 
provided  with  a  non-conducting  handle;  and  should  we  peep  out  of  window 
some  wintry  mom  whilst  the  baker  delivers  his  early  work  in  the  shape 
of  hot  rolls,  we  notice  they  come  out  of  nicely-wrapped  flannel  or  baise, 
which  being  a  bad  conductor  is  employed  to  retain  their  heat  We  read, 
occasionally,  in  the  militajj  inteUigenoe,  statements  respecting  some 
newly-constructed  shells  which  are  to  burst  and  scatter  melted  iron  (! !); 
and  of  course  the  idea  of  the  interposition  of  a  good  non-conductor  of  heat 
between  the  bursting  charge  and  the  molten  metal  must  be  realized  in 
their  construction. 

The  central  heat  of  our  globe  is  a  reali^  that  cannot  be  disputed,  and 
after  diggmg  beyond  a  depth  of  twentv  feet  the  thermometer  gradually 
rises  at  the  rate  of  one  degree  of  Fahrenheit's  scale  for  every  fifteen 
]^ards.  The  bad  conducting  power  of  the  crust  of  the  earth  must,  there- 
fore, be  apparent,  as  it  is  easjr,  knowing  the  diameter  of  our  globe,  to 
calculate  that  the  increase  of  heat  downwards  amounts  to  116  for  each 
mile,  consequently  at  a  depth  of  thirty  and  a  half  miles  below  the  sor^ 
face,  there  will  l>e  a  temperature  most  likely  equal  to  3500°,  or  a  heat 
that  might  easily  melt  cast-iron,  and  would  help  to  account  for  the 
earthauuces  and  eruptions  of  volcanoes,  which  stul  remind  us  by  thdr 
terrible  warnings,  that  we  live  only  on  the  bad  conducting  upper  cmst 
of  a  globe,  the  inside  of  which  is  still,  perhaps,  in  a  liquid  and  molten 
state.  Monsieur  Fourier  has  demonstri^ed  the  non-conducting  power 
of  this  shell  by  calculating  that,  supposing  the  globe  was  wholly  com- 
posed of  cast-iron,  the  central  heat  would  require  myriads  of  years  to  be 
transmitted  to  the  surface  from  a  depth  of  150  miles ;  and  by  invertii^ 
the  process  of  reasoning,  we  may  come  to  the  condosion  that  the  in- 
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ternal  heat  must  be  exceasive,  because  it  is  confined  and  shut  out  from 
those  influences  that  would  canr  off  and  weaken  the  iatcoisity. 

There  are  no  two  words,  says  Tyndal,  with  which  we  are  more  familiar 
than  matter  hnd/oree.  The  system  of  the  uniyerse  embraces  two  things, 
an  obiect  acted  upon,  and  an  agent  by  tokieh  it  is  acted  upon ;  the  object 
we  call  matter  and  the  agent  we  call  force.  Matter,  in  certain  respects, 
may  be  regarded  as  the  vehicle  of  force ;  thus,  the  luminiferous  etDer  is 
the  vehicle  or  medium  by  which  the  pulsations  of  the  sun  are  transmitted 
to  our  orffans  of  vision.  Or,  to  take  a  nlamer  case,  if  we  set  a  number 
of  billiardf  balls  in  a  row,  and  impart  a  snock  to  one  end  of  the  series  in 
the  direction  of  its  length,  we  know  what  will  take  phice ;  the  last  ball 
will  fly  away,  the  iniervenina  balls  having  served  for  the  transmission  of 
the  shock  m>m  one  end  of  toe  series  to  the  other.  Or  we  might  refer  to 
the  conduction  of  heat.  If,  for  example,  it  be  required  to  transmit  heat 
from  the  fire  to  a  point  at  some  distance  from  the  fire,  this  may  oe 
effected  by  means  of  a  conducting  body — ^by  a  poker,  for  instance ;  thrust- 
ing one  end  of  a  poker  into  the  fire,  it  becomes  heated,  the  heat  makes 
its  way  through  the  mass,  and  finally  manifests  itself  at  the  other  end. 
Let  us  endeavour  to  get  a  distinct  idea  of  what  we  here  call  heat ;  let 
us  first  picture  it  to  ourselves  as  an  agent  apart  from  the  mass  of  the 
conductor,  makiug  its  way  among  the  particles  of  the  latter,  jumping 
from  atom  to  atom,  and  thus  converting  them  into  a  kind  of  stepmng 
stones  to  assist  its  progress.  It  is  ajprobable  conclusion,  even  had  we 
not  a  siogle  experiment  to  support  it,  that  the  mode  of  transmission 
must,  in  some  measure,  depend  upon  the  manner  in  which  those  little 
molecular  stepping  stones  are  ammged.  But  we  must  not  confine  our- 
selves to  the  molecular  theory  of  heat.  Assuming  the  hypothesis,  which 
is  now  gaining  ground,  that  heat,  instead  of  being  an  agent  apart  from 
ordinary  matter,  consists  in  a  motion  of  the  matenal  particles;  the  con- 
clusion is  equflJly  probable  that  the  transmission  of  tne  motion  must  be 
influenced  by  the  manner  in  which  the  particles  are  arranged.  Does 
experimental  science  furnish  us  with  any  corroboration  of  this  inference  P 
It  does.  More  than  twenty  years  aso  MM.  De  la  Rive  and  De  Can- 
dolle  proved  that  heat  is  transmitted  throug[h  wood  with  a  velocity 
almost  twice  as  great  along  the  fibre  as  across  it.  This  result  has  been 
recently  expanded,  and  it  has  been  proved  that  this  substance  possesses 
three  axes  of  calorific  conduction ;  the  first  and  greatest  axis  being 
parallel  to  the  fibre ;  the  second  axis  perpendicular  to  the  fibre  and  to 
the  ligneous  layers ;  while  the  third  axis,  which  marks  the  direction  in 
which  the  greatest  resistance  is  offered  to  the  passage  of  the  heat,  is 
perpendicular  to  the  fibre  and  parallel  to  the  layen. 

If  many  solids  are  bad  conductors  of  heat,  they  are  at  all  events 

greatly  surpassed  by  fluids,  and  especially  by  water.  The  conduction  of 
eat  by  that  fluid  is  almost  imperceptible,  so  much  so,  that  it  has  even 
been  questioned  whether  liauicb  do  really  conduct  heat  downwards  at  all. 
It  has,  however,  been  founa  that  liquid  roerourf  vnU  conduct  heat  down* 
wards,  and  therefore  by  analogy  it  may  be  assumed  that  other  liijuids 
must  possess  a  conducting  power,  although  it  may  be  exceedingly  limited. 
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In  Older  to  dtotc  that  water  is  an  exceeding  bad  coodoctor  of  heat,  i 
tube  with  a  large  glass  bulb  blown  at  one  end  ia  pBitlj  filled  villi 
tincture  of  litmus,  until  it  will  jost  sink  below  the  surface  of  nttt 
placed  in  a  tall  cjlindrical  or  open  jar.  If  a  copper  baain,  eoDtaiBn^g 
burning  ether,  is  now  floated  on  the  top  of  the  water,  so  as  to  Icstc 
about  a  quariec  of  an  inch  between  the  top  of  the  air  thennon>et«r— 
via.,  the  onlb  containing  the  coloured  liquid — and  the  bottom  of  tb 
copper  pan,  it  will  be  noticed  that  whiut  the  water  surronnding  tht 
Utter  almost  boila,  not  the  slightest  effect  arising  from  tbe  condndini 
of  heat  can  be  perceived  ia  a  downward  direction.  After  the  ether  hu 
burnt  oat  of  the  copper  vessel,  it  may  be  removed,  and  the  boiling  witci 
stirred  down  and  around  the  air  tbennometer,  when  tbe  air  wuhiu  il 
expands,  drives  out  tbe  colouring  liquid,  and  the  bulb  becoming  ipc- 
oIdcbUj  lighter,  rises  to  the  top  of  the  containing  glass.     (Fig.  tii) 


Fif.Ui.    Ai.  CjllailrlcililuiftiUstwUar.    a.  Tbe  kIu  tic  (her 
tlw  colourtd  liquid  jnjt  MindlDg  uprlrfat,  t1i«  montb  of  the  tube  it  o  1 
tilt  copper  buliL  codUIdUis  thB  bunmi^  ether.    ■  ebowi  bow  tbe  gam  bulb  «Dd  tuDi 
rin  ana  (he  opper  buin  b  remored,  mnd  tbe  hot  inter  oams  u  i*^ttrt  iritti  tM 

Agun,  if  the  tube  of  an  air  tbennometer  is  placed  through  a  cork  in 
the  neck  of  a  gaa  jar,  invetted  and  standing  on  a  ring  stand,  and  the 
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ju- is  then  filled  mth 
waUr,  and  boiled  at 
tlie  top  with  a  red- 
liot  ircm  heater,  the 
heat  doea  not  pass 
dovnvarda  and  af- 
fect the  thermome- 
ter. Bj  introdacing 
a  sjphon  the  water 
sarroandiiig  the 
thermometer  at  the 
bottom  or  the  jar 
ma;  be  dnwa  off, 
nntil  the  hot  water 
is  within  a  fraction 
of  an  incli  of  the  air 
thermometer,  and 
still  no  heat  is  con- 
ducted, and  the  li- 
quid in  the  latter 
rcmAins   stationarT. 

The  diffusion  of 
heat  through  water 
docs  not  toKe  place 
like  that  of  solids, 
but  is  effected  bj  the 
motion  of  the  parti- 
cles of  the  water. 
When  heat  is  applied 
to  the  bottom  of  a 
Teasel  containing 
water,  such  as  an 
inverted  glass  shade, 


:e  ffrat  el 


3  to 


expand  the  lajer  of 

water  which  is  first 

alTected  bv  the  heat; 

this  expanded  layer 

being      specificoll; 

lighter  than  the  cold 

water  aboTe,  it  rises      (i- 

to  the  upper  port  of  •(and. 

the  elua  shade,  and 

its  place  is  imTieiU- 

■toW  taken  b;  other, 

colder  and  heavier,  water,  which  in  like  manner  move*  apwards, 

again  succeeded  hi  a  fresh  portion.    Now,  the  ^t  and  succeeding 


L.  Inverted  ni  Ju  lapportv] 

l-holom li«l*f.    BO.TtiUn 

with  th(  coloand  liquid  lUUonuj  a  e.    D.  Tbg  i 
drnrlDK  cpIT  tbo  otLd  vilvr,  ud  itrmgijig  tbe  bot  doi 
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of  water  all  carry  off  so  nmch 
heat,  and  thus  by  the  con- 
vective  or  canying  power  of 
the  water  the  heat  is  diffused 
finally  in  the  most  perfect 
manner  through  the  whole 
bulk  of  fluid;  and  indeed, 
the  movement  itself  (rf  the 
particles  of  water  may  easily 
oe  watched  by  putting  a  Httle 
paper  pulp  at  the  bottom  of 
the  inverted  glass  shade  con- 
taining the  water.  (Fig.  416.) 
This  bad  conducting  power 
is  not  merely  confined  to 
water,  but  is  likewise  api»- 
rent  with  oil  and  other  fiuids, 
and  if  some  water  is  frozen 
at  the  bottom  of  a  bng  test- 
tube  by  means  of  a  freezing 
mixture,  oil  may  then  be 
poured  upon  it,  and  some 
alcohol  above  the  latter.  If 
the  flame  of  a  spirit-lamp  is 
now  applied  to  the  aloohdat 
the  top  of  the  tube  it  mAj  be 
entirelv  boiled  away,  ana  no 
Pij.  416.  A  A.  inTerted  gii»  .bi^e  containing  l^eat  will  travel  down  tiie  ofl 

water  and  lome  paper  palp.   b.  Burning  spirit  lamp  and   communicate  Wlta  ue 

placed  nnder  otu  Me  of  &e  glass :  the  palp  shows  j«g  ^^^  ^^en  after  the  aloohol 

ihe  rising  of  the  heated  water  and  the  sinking  of  r~»   K^o^.    o,ra«««it««1    .nv 

the  cold,  fii  the  direction  Indicated  by  the  arrows.  has    been   evaporated    aw»y 

jthe  tube  can  be  filled  ap 
with  water;  this  may  also  be  boiled,  and  whilst  demonstrating  the  bad 
conducting  power  of  the  oil,  the  curious  anomaly  is  obaenred  of  a  vessel 
or  tube  containing  ice  at  the  bottom  and  boiling  water  at  the  top,  and 
further  showing  tne  wisdom  of  the  Supreme  Creator  in  prcventiM  the 
freezing  of  the  water  of  lakes,  rivers,  and  aeas,  by  the  exceptional  Uwof 
the  expansion  of  water  by  coU.  It  is  evident  from  what  has  beca 
stated  that  liquids  acauire  and  lose  their  heat  hj  means  of  those  cur- 
rents and  movements  of  the  particles  of  water  which  have  already  beea 
partly  explained.  Whatever  interferes  with  this  movement  must  pre- 
vent the  passage  of  heat,  and  consequently  thick  viscous  liquids  an 
always  difficult  to  boil,  and  in  consequence  of  their  motion  beinff  im- 
peded they  rise  to  too  high  a  temperature  and  are  burnt.  This  tact  is 
remarkably  apparent  in  the  manufacture  of  nice  white  lump  sugar ;  as 
the  syrup  is  evaporated  it  becomes  very  thick,  and  if  boiled  over  a  fiie 
miffht  frequently  be  burnt,  but  it  is  boiled  by  the  heat  of  steam,  and 
under  a  vacuum  produced  by  an  air-pump,  ana  thus  the  sugar-boiler  is 
enabled  to  avert  all  danger  from  burning. 
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It  is»  then,  by  a  ooniinual  and  perpetual  motion,  i&yolying  cirenktion 
of  the  partidea*  that  heat  travels  through  water;  and  the  hc%  alieadj 
deacribed  is  still  further 
elucidated  by  one  of  Pro- 
fessor Griffith's  simple  but 
teUing    experiments.     A 
^lass  tube,  about  three  feet 
in  length  and  half  an  inch 
in  diameter,  is  bent  as  at  a 
(Tig.  417),  and  then  being 
filled  with  water,  is  sus- 
pended by  a  string  attached 
to  any  convenient  support 
inside  a  copper  dish  con- 
taining water,  so  that  the 
straight  end  is  at  the  top 
of  the  water,  and  the  cunred 
end  at  the  bottom.    Just 
before  it  is  used  some  ink 
or  other  colouring  matter 
is  poured  into  the  copper 
pan    of    water;    ana    it 
should  not  be  added  till 
the  moment  the   experi- 
ment is  to  begin,  as  any 
rise  of  temperature  in  the 
room  promotes  circulation, 
and  interferes  with  the  co- 
lourlessness of  the  water 
in  the  tube,  which  is  com- 
pared with  the  inky  fluid 
in  the  basin.  Directly  heat 
is  applied  the  hot  water 
rises  to  the  top  of   the 
copper  vessel,  and  thence 
gradually  up  the  tube ;  and 
this  movement  is  rendered  visible  by  the  hot  coloured  liquid  matter 
creeping  slowly  up  the  tube,  and  displacing  the  colourless  water,  which 
falls  gradually  into  the  copper  pan.  (Fig.  417.) 

The  principle  of  the  circulation  of  the  paiiicles  of  water  htinf^  once 
understood,  it  is  easj  to  comprehend  how  it  is  applied  to  the  heatmg  of 
buildings  hj  what  is  called  the  "  Hot  Water  Apparatus."  A  cou  of 
pipe  is  enclosed  in  a  proper  furnace,  and  the  bottom  end  communicates 
with  a  pipe  coining  from  a  second  tube  or  set  of  coils,  placed  above  it  in 
another  apartment,  whilst  the  top  of  the  latter  coil  communicates  with 
the  top  pipe  of  the  first  coil.  When  the  fire  is  lighted,  the  circulatioB 
throng  the  first  coil  of  pipe  commences,  and  is  oomnronicated  to  the 
second*  and  from  that  back  agam  to  the  first;  so  that  the  "  hot  water 


Fig.  417.  A.  The  bent  t\u»  tube  fall  of  water. 
B  B.  Tlie  copper  pan  containmff  ookmred  water.  The 
arrowB  ihow  the  drcolatlon  of  the  water. 
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Bjstem"  iuTolres  an  endless  cbain  of  pipes  of  water,  prorided  wilk 
proper  safety  valves  to  allow  for  the  escape  of  anj  expanded  air  oc 
■team;  and  serious  accidents  have  occnired  m  consequence  of  penom 

neglecting  to  look  after  the  perfection  of  this  safetj  vnive-  The  feufol 
accident  which  occnrred  to  the  hot  water  casing  around  one  irf  the 
faanels  of  the  Ortat  Etutern  offers  a  painful  but  memorable  example  of 
the  heating  of  water,  and  of  the  danj^ts  that  must  arise  if  the  pipe, 
casins,  or  other  vessel  which  contains  it,  is  not  provided  with  an  escape 
or  Bafctv  valve,  which  must  alwajs  be  in  good  xortUiff  order. 

Mr.  Jacob  Perkins,  in  ISSl,  made  his  name  remarkable  for  experi- 
ments with  the  circulation  of  water  through  tubes,  and  his  acconnt  oF 
the  invention  and  im- 
provement of  the 
"  Steam  Gun,"  to 
which  the  improve- 
ment consists  ehieflj 
in  the  circulation  of 
water  through  coils  o( 
pipe,  is  BO  important 
that  we  give  it  verb«- 
tim,  with  a  dnwing  of 
the  steam  gun ;  and 
the  author  u  enabled 
to  Toueb  for  the  sccii- 
tacv  of  the  statemenu 
made  in  the  deseriptioD 
of  the  appaiatns,  as  be 
purchased  one  of  the 
improved  steam  guns, 
and  exhibited  it  at  the 
Polytechnic  Institu- 
tion, whet«  it  dis- 
cbatged  three  hnndnd 
bullets  per  minute. 

"  The  eipaosive 
power  of  steam  has 
often  been  proposed  is 
a  substitute  for  gun- 
powder, for  dischai^ia; 
„.__^^  wdls   and    other  pio- 

jectiles ;  the  great 
danger,  however,  which  was  formertj  thought  to  be  inseparablj  con- 
nected with  the  geueration  and  use  of  steam,  at  so  eztiaordinarj  i 
pressure  as  appeared  neoeasatr  to  produce  an  effect  approximating  to 
that  of  gunpowder,  prevented  scienliflc  men  from  testing  tbe  power  of 
this  new  agent  bj  experiment.  It  was  also  apparent  tnat  the  appa- 
ratus which  was  ordinarily  used  for  generating  steam  for  steam-engines 
was  whoU;  inadequate  to  sustain  the  necessary  pressurt,  and  that  one 


Fig.  lla.    Tli«  ohi^faig  iDbe  ud  fiu-bBnl 
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of  a  totally  different  character  mast  be  contrived  before  steam  could 
be  sufficiently  confined  to  come  into  competition  with  it^  powerful  rival. 

"In  the  year  1824,  Mr.  Jacob  Ferkms  succeeded  in  constructing  a 
generator  of  such  form  and  strength,  as  allowed  him  to  carry  on  ms 
experiments  with  highly  elastic  steam  without  danf^er,  although  sub- 
jected to  a  pressure  of  100  atmospheres.  The  prmciple  of  its  safety 
consisted  in  subdividing  the  vessel  containing  the  water  and  steam  into 
chambers  or  compartments,  so  small,  that  the  bursting  of  one  of  them 
was  perfectly  harmless  in  its  effects,  and  only  served  as  an  outlet,  or 
safety  valve,  to  relieve  the  rest. 

"Although  Mr.  Perkins*  generator  was  originally  intended  for  working 
steam  engines  (it  having  long  been  evident  to  him  that  highly  eUstic 
steam  used  expansively  would  be  attended  with  considerable  economy), 
the  idea  occurred  to  lum^  in  the  course  of  his  experiments,  that  he  had 
^ready  solved  the  problem  of  safely  generating  steam  of  sufficient 
power  for  the  purposes  of  steam  gunnery ;  and  that  the  steam  which 
daily  worked  his  engine  possessed  an  elastic  force  quite  adequate  to  the 
projection  of  musket  balls.  He  therefore  caused  a  gun  to  be  imme- 
diately constructed,  and  connected  by  a  pipe  to  the  ^nerator,  the  first 
trial  of  which  fully  realized  his  most  sanguine  anticipations.  Its  per- 
formance, indeed,  was  so  extraordinary  and  unexpected,  that  it  gave  rise 
to  a  paradox,  which  was  difficult  of  explanation — ^viz.,  that  sieant,  ai  a 
pressure  of  only  forty  atmospheres,  produced  an  effect  equal  to  gunpowder  ; 
whereas  it  was  known  that  the  combustion  of  gunpowder  was  attended 
with  a  pressure  of  from  500  to  1000  atmospheres. 

"  Mr.  Perkins  gives  the  followii^  ttiplanation  of  this  apparent  dis- 
crepancy, by  referring  to  the  small  effect  produced  by  fulminating 
powder,  compared  to  gunpowder,  although  many  times  more  powerful ; 
ne  supposes  that  the  action  of  fulminating  powder,  however  intense, 
does  not  continue  sufficiently  long  to  impart  to  the  ball  its  full  power. 
The  explosion  of  ^npowder,  although  not  so  powerful  at  the  instant  of 
ignition,  is  nevertheless,  in  the  aggregate,  productive  of  greater  effect 
tnan  that  of  fulminating  powder,  because  the  subsequent  expansion 
continues  in  action  upon  the  ball  (but  with  decreasing  effect),  until  it 
has  left  the  barrel.  The  action  of  steam  differs  from  either  of  these 
agents,  inasmuch  as  it  continues  in  full  force  until  the  ball  has  left  the 
barrel;  and  to  this  is  assigned  the  cause  of  its  superiority. 

"  In  the  year  1826,  Mr.  Perkins  had  so  perfected  the  mechanism  of 
the  gun  an^  generator  that,  at  an  exhibition  and  trial  of  its  power,  in 
the  presence  of  the  Duke  of  Wellington  and  other  distinguished  officers 
of  tne  Ordnance  Department,  balls  of  an  ounce  weight  were  propelled, 
at  the  distance  of  thirty-five  yards,  through  an  iron  plate  one-fourth  of 
an  inch  in  thickness ;  also,  through  eleven  hard  planks,  one  inch  in 
thickness,  placed  at  distances  of  an  inch  from  each  other.  Continuous 
showers  of  balls  were  also  projected  with  such  rapidity,  that  when  the 
barrel  of  the  gun  was  slowly  swept  round  in  a  horizontal  direction,  a 
plank,  twelve  Teet  in  length,  was  so  completely  perforated,  that  the  line  of 
noles  nearly  resembled  a  groove  cut  from  one  of  its  ends  to  the  other. 
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*aIi  tninrnjuruaee,  containing  a  continooos  ooilof  Iron  tnbinff,  80  Hwt  In  Itogtli, 
1  inch  of  external  md  fth  inch  of  internal  diameter,  within  which  tne  fire  is  made;  the 
upper  end  of  this  tube,  a,  called  the  floW'pipe,  ia  eoEtended  anj  required  distance  to  the  top 
of  tiio  generator. 

"The  fhmaoe  is  proTided  with  a  very  ingenioos  heat  gwtmor  or  rMulatcr,  by  which  the 
intensity  of  the  flre  is  always  proportionate  to  the  temperature  which  it  may  be  requisite 
to  matntafai  in  the  tubes.  ^    ^ 

" S  is  an  iron  box,  containing  a  series  of  levers,  bbh;  e,tk  not  screwed  upon  the  flow- 
pipe,  snd  in  contact  with  the  short  arm  of  the  lowest  of  the  levers,  s.  A  lever,  from  one 
end  of  which  is  suspended  the  damper/,  and  from  the  other  end  the  rod  ^,  which  rests 
npon  the  long  arm  of  the  highest  of  the  leVera,  hbh.  When  the  apparatus  nju  arrived  at 
tte  required  temperature,  the  nut  e  is  screwed  down  until  it  bears  upon  the  lever.  Any 
ftrther  increase  of  temperatare  will  expand  or  lengthoi  the  flow-pipe,  and  depress  the 
short  arm  of  the  lever:  which  is  in  eontaet  with  the  nut.  The  oomUned  and  multiplied 
action  of  the  levers  will  then  elevate  the  rody,  and  the  damper  /  will  descend  to  check 
the  draught  When  the  flre  slackens,  and  the  apparatus  cools,  the  action  of  the  levers  will 
be  reversed,  end  the  damper  will  open.  The  space  through  which  the  damper  moves,  com- 
pared wHh  the  nut  c,  is  as  200  to  1.  ,.  ,     . 

*'  0  is  the  geturator,  composed  of  a  strong  iron  tube,  3  inches  diameter  and  6  feet  in 
length,  within  which  are  dgnt  smaller  tubes,  naving  their  encte  welded  to  the  ends  of  the 
larger  ti^.  These  small  tubes  oommnnicate  at  we  top  with  the  flaw-pipt  b,  and  at  the 
bottom  with  the  return^pipe  j>,  which  is  continued  to  the  bottom  of  the  Aimace-coU  of 
tubbig.  The  circulation  in  the  tubes  is  occasioned  bv  the  diflFJerence  in  the  spedflo  gravities 
of  the  water  oompodng  the  ascending  and  descending  currents ;  the  portion  oonnined  in 
the  flow-pipe  and  flre  coil  becoming  expanded  t^  the  heat,  ascends  by  its  superior  levity ; 
while  thttb  contidned  in  the  small  tubes  of  the  generator,  having  given  off  its  heat,  acquires 
increased  density,  and  deeceods  through  the  returshpilM  n  to  the  bottom  of  the  fhraaoe- 
coil,  to  take  the  place  of  the  ascending  current.  When  the  hot-water  current  has  aotived 
at  a  temperature  of  212^  and  upwards,  cold  water  is  ii^ected  into  the  generator,  and 
becomes  converted  Into  steam  bv  lt«  contact  with  the  small  tubes ;  the  rapidity  of  evapo- 
ration and  the  pressure  of  the  steam  depending,  of  oonrsev  upon  the  tcmperatoro  of  the 
hot-water  current,  which  at  600°  will  cause  a  pressure  within  the  tubes  of  £0  atmospheres, 
or  760  lbs.  upon  the  square  inch.  The  whole  apparatus  Is  proved  to  be  capable  of  sustaining 
a  pressure  of  200  atuMsphercL  or  3000  Ibe.  upon  the  square  inch. 

^'o.  A  force  pump  for  iidecong  water  into  the  generator. 

"l.  The  indicator  for  exhibiting  the  pressure  d  the  steam  in  the  generator,  and  of  the 
water  in  the  boiler ;  it  may  be  connected  with  either  by  means  of  the  valves  attached  to 
the  levers. 

"  J.  Yalve  to  regulate  Uie  pressure  of  water. 

**  J  1.  Valve  to  regulate  the  pressure  of  steam. 

"k.  The  steam  pipe. 

"  L.  The  gun. 

**  V.  The  discharging  lever  acting  upon  the  valve  v. 

"o.  The  disehar^g  oock,  by  a  simple  adjustment  in  which  balls  aio  transferred  from 
the  chaining  tube  r  to  the  gun  barrel,  thgljf  or  in  a  eantmuo—  burner. 

Clever  and  effective  as  this  steam  gun  undoubtedly  was  it  did  not 
meet  with  the  approval  of  our  War  Authorities,  and  it  must  now  be  con- 
sidered  a  thing  of  the  past.  Had  it  been  brought  forward  in  these 
later  days,  when  the  art  of  warfare  depends  so  much  upon  the  skiU  of 
engineers,  it  misht  perhaps  have  met  with  a  more  cordial  reception. 
And  it  may  be  toat  in  the  future,  for  special  services  and  fixed  positions, 
some  such  gun  may  become  practicable  and  valuable.  For  the  present 
it  is  forgotten  in  the  adoption  of  machine  guns  which  are  charged  with 
'<  villuious  saltpetre"  in  the  shape  of  gunpowder. 

The  well-known  revolver  was,  perhaps,  the  first  arm  which  called  the  at- 
tention of  modern  artillerists  to  guns  of  this  class.  Even  the  revolver 
is  not  new,  for  in  the  armoury  of  the  Tower  of  London  is  still  shown  a 
rough  description  of  revolver  invented  some  hundreds  of  years  back; 
If  I  remember  rightly  it  consists  of  eight  barrels  or  chambers  for^  in 
one  piecCj  not  unlike  the  first  form  of  Colt's  revolver,  which  was  intro- 
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duced  about  twenty-fi?e  years  ago.    The  machine  guns  now  in  use  bj 
different  nations  are  mostly  revolvers  on  an  enlarged  scale. 

The  first  gun  of  this  kind  which  made  any  sensation  was  the  mitrail- 
leuse, adopted  by  the  French  armies  just  prior  to  the  Franco-Prussian  ^m. 
Its  manufacture  and  nature  were  kept  very  secret  by  the  French  Govern' 
ment,  and  all  kinds  of  exaggerated  reports  were  spread  as  to  its  awfilly 
destructive  nature.  However,  although  in  one  or  two  actions  it  came  into 
prominent  use,  it  did  not  save  the  French  from  German  conquest,  and,  ia 
the  sequel,  most  of  the  guns  fell  into  the  hands  of  the  enemy.  The 
mitrailleuse  has  been  tested  by  the  English  Government  against  an 
American  weapon  known,  after  its  inventor,  as  the  Gatling  gun,  with  the 
result  that  the  latter  weapon  has  been  adopted  in  our  Service,  ooth  on  land 
and  sea.  Compared  with  the  steam-gun  already  described,  the  Gatliog 
is  far  more  destructive  in  its  effects,  and  as  it  is  mounted  as  an  ordinarj 
piece  of  artillery,  it  can  be  readily  moved  from  pUce  to  place.  Moreover, 
there  is,  of  course,  no  fire  to  lights  for  there  is  no  steam  to  trouble  abont 

The  gun  consists  of  a  number  of  parallel  barrels  which  revolve  ami 
are  pla^d  upon  a  main  shaft.  A  leed-case,  containing  cartridges,  is 
attached,  and,  by  a  clever  mechanical  contrivance,  these  cartridges  drop 
into  their  places  and  can  be  fired  by  turning  a  handle  at  the  oack  of 
the  weapon.  The  gun  can  be  made  to  dischur^  nearly  500  balls  per 
minute,  and  its  range  is  something  over  one  mile  and  a  qnafta".  ne 
can  easily  imagine  what  a  deadljr  leaden  hail  this  must  represent,  and 
what  awful  havoc  it  would  make  in  the  ranks  of  an  enemy.  Fhkced  ia 
the  crosstrees  of  a  ship  of  war,  it  would  effectually  scour  the  decb  of 
any  vessel  within  its  range,  as  well  as  prevent  any  attempt  at  boarding 
by  small  boats.  But  the  entire  aspect  and  conditions  of  naval  warfare 
have  been  completely  altered  since  the  da^s  when  brave  Nelson  trod 
the  decks  of  the  Victory,  The  introduction  of  ironclads,  with  their 
impregnable  sides  and  hidden  crew,  in  which  everything  is  worked  bj 
steam  machinery,  down  to  the  loading  of  the  guns,  renders  war  upon 
water  a  new  art.  All  things  considered,  the  Gatling  gun  will,  p^haps, 
prove  of  greater  service  on  terra  firma.  It  may  be  mentioned  that  the 
weapon  has  recentlv  been  improved  in  many  important  details  bj 
additions  and  modincations  which  increase  its  rapidity  of  action  and 
general  efficiency.  These  improvements  were  lately  brought  before 
the  public  and  demonstrated  by  the  inventor. 

Tne  conduction  of  heat  through  gases  is  dso  very  slow  when  heat  is 
applied  to  the  upper  part  of  any  stratum  of  air.  Heat  appears  to  be 
diffused  through  air  oy  the  circulation  and  rising  of  the  nested  and 
lighter  strata,  and  the  sinking  of  the  colder  currents  which  take  their 
places ;  hence  the  danger  of  sitting  in  a  room  under  an  open  skylight 
A  current  of  cold  air  may  descend  upon  the  head  of  the  individual, 
whilst  the  warmer  air  takes  some  other  opening  to  escape  from.  No 
doubt  the  movement  of  heated  volumes  of  air  is  subjcict  to  definite 
laws,  which  apply  themselves  in  every  case,  but  are  rather  difficult  to 
grasp  when  the  subject  of  ventihition  is  concerned.  The  philosophical 
ventilator  is  often  dreadfully  teased  by  the  inversion  of  all  that  he  had 
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planned,  or  the  total  failure  of  his  i^paratns.  No  specific  mode  of 
yentilation  can  be  found  to  suit  all  rooms  and  buildings ;  they  are  like 
the  patients  of  a  physician  who  cannot  be  cured  by  one  medicine  only, 
but  must  have  a  treatment  adapted  properly  to  each  case.  If  the  fires, 
candles,  gas,  or  oil-lamps,  doors,  wmdows,  and  chimneys,  were  always 
under  the  control  of  the  scientific  ventilator,  his  task  would  be  very 
simple,  but  it  is  well  understood  that  a  rentilating  system  whicn 
answers  well  if  certain  doors  communicating  with  lobbies  are  closed, 
fails  directly  they  are  accidentally  opened.  The  watchful  care  of  the 
ventilator  must  begin  with  the  lowest  area  door,  and  in  his  calculations 
he  must  study  the  effect  of  every  other  door  or  window  that  may  be 
opened,  so  tnat  if  a  scientific  man  undertakes  to  ventilate  a  house,  he 
must  have  a  well-drawn  plan  hung  up  in  the  hall,  and  it  must  be 
clearly  understood  by  the  inmates  that  any  interference  with  that  plan 
wiUprejudice  the  whole. 

There  are  a  few  common  principles  which  wiU  guide  in  ventilation, 
and  these  are,  first,  the  rise  of  hot  and  the  fall  of  cold  air ;  second, 
that  if  an  aperture  is  provided  at  the  top  of  a  room  for  the  escape  of 
hot  air,  an  equally  large  aperture  must  be  left  for  the  entry  of  cola  air ; 
third,  the  aperture  for  the  escape  of  hot  air  must  be  adapted  in  size  to 
the  number  of  persons  likely  to  enter  the  room,  and  the  number  of  gas 
or  other  lights  Duming  in  it.  During  the  daytime,  moderate  apertures 
for  the  exit  and  entrance  of  air  may  suffice,  but  these  must  be  largely 
increased  at  night,  when  the  room  is  filled  with  people  and  lighted  up. 
Expanding  and  contracting  openings  are  therefore  desirable,  and  they 
are  to  be  regulated  by  rules  stated  on  the  plan  of  the  ventilating  system 
(already  alluded  to  as  being  hung  up  in  the  hall)  of  the  house  which 
has  submitted  itself  to  a  pNcrfect  system  of  yentilation,  and  no  hall- 
keeper,  footman,  or  butler  should  be  allowed  to  remain  in  his  post 
unless  he  undertakes  to  comprehend  the  system  and  work  it  properly  by 
the  written  rules. 

Dr.  Angus  Smith,  in  a  very  able  paper  *'  On  the  Air  of  Towns,"  says— 
'*  One  of  the  conditions  of  health,  ana  a<nost  important,  if  not  the  most 
important  of  all,  is  to  be  found  in  the  state  of  the  atmosphere.  As  to 
the  effect  on  the  inhabitants,  the  question  becomes  exceedingly  com- 
plicated ;  but  the  Registrar-General's  returns  are  an  unanswerable 
reply  as  to  the  results  of  the  lethal  influences  of  the  district.  Tew 
people  seem  clearly  to  pictxire  to  themselves  the  meaning  of  a  decimal 
plan  in  the  per-centase  of  death,  and  few  clearly  see  that  there  are 
districts  of  England  wnere  the  deaths  at  least  in  some  years,  and  when 
no  recognised  epidemic  occurs,  are  three  times  greater  than  in  others. 
When  we^hear  of  the  annual  deaths  in  some  (ustricts  being  3*4  per 
cent.,  and  m  the  whole  of  England  2'3,  it  is  simply  that  34  me  instead 
of  22,  whilst  even  that  is  too  slightly  stated,  as  the  whole  of  Enghmd 
would  show  a  lower  death-rave  if  the  towns  were  not  used  to  swell  it." 

This  quotation  is  given  here  to  remind  our  readers  of  the  important 
question  of  a  supply  of  pure  air  as  well  as  pure  water  and  pure  food ; 
and  if  the  agricultural  kbourer,  with  all  his  exposure  to  yariablo 
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weather,  can  take  the  firat  place  in  the  scale  of  mortalitj;  and  outlive 
the  members  of  all  other  trades  and  professions,  it  is  endent  that  the 
importance  of  pure  air  is  not  overratcML 

Eyery  effort  oaght,  therefore,  to  be  made  in  large  schools,  liospitals^ 
and  barracks,  to  enforce  a  rigid  system  of  supply  of  fresh  air,  and  a 
sewage  or  removal  of  the  impure ;  and  in  the  use  of  a  certain  test  em- 
ploye by  Dr.  Smith  for  the  detection  of  oiganic  matter  in  tbe  air  a 
number  of  approximations  were  obtained,  which  dearly  demonstrated 
that  1  grain  ot  organic  matter  was  detected  in  72,000  ctjoio  indies  of  air 
in  a  room,  and  the  same  quantity  in  8000  cubic  inches  taken  from  a 
crowded  nulway  carriage. 

To  show  the  rising  of  heated  air,  a  long  ^^ass  tube,  about  thiee- 
Quarters  of  an  inch  in  diameter,  may  be  proYided  and  held  OTer  the 
flame  of  a  spirit  lamp  at  an  angle  of  sixty  degrees.  As  the  tube  wanns, 
the  heated  air  rushes  past  the  flame  with  great  rapidity,  and  pulls  it 
out  or  elongates  it  so  much,  that  the  sharp  point  of  the  spint-flame 


nf.420.  AB.  The^bM  tuba.  c.  The  tplrit  Uanp,  withavar  UurMvIek-  if  a  Bltte 
•theriti^edwith  the  eplrlt  in  the  lampft  \ncrJm  the len^ ?&«  fl^"^  t  ft! 
effect  of  the  aeeenaion  of  air,  incKMed  by  wwmtag  the  top  of  the  tube  with  tbe  lamp  & 
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will  frequently  be  seen  at  the  end  of  a  tube  ten  feet  six  inches  in 
lenfi^h.  The  flame  la,  as  it  were,  the  sign-post  that  indicates  the  path 
or  direction  of  the  air.    (Fig.  420.) 

Upon  the  like  principle,  heatea  air  may  be  dragged  down  the  short 
arm  of  a  syphon,  provided  the  other  arm  is  sufficienUy  long  to  impart  a 
strong  directive  tendency  to  the  upward  current,  and  this  mode  of 
settii^  air  in  motion  has  been  frequently  proposed  in  numerous  schemes 
for  yentiktion.  In  order  to  prove  the  fact  that  an  inverted  syphon 
will  act  in  this  manner,  an  iron  pipe  of  three  inches  diameter  and 
six  feet  long  may  be  bent  round  during  the  construction  into  the  form 
of  a  syphon,  so  that  the  short  length  is  about  one  foot  long,  and  the 
long  length  the  remaining  four  feet,  allowing  one  foot  for  the  bend.  If 
the  intenor  of  the  long  arm  is  first  warmed  by  burning  in  it  a  little 
spirits  of  wine  from  a  piece  of  cotton  or  tow  wetted  with  the  latter 
(which  can  be  easily  done  bf  dropping  in  such  a  wetted  piece  into  the 
bend  of  tube,  so  tnat  it  is  just  under  the  opening  of  the  long  purt  of 
the  tube),  the  air  is  soon  set  in  motion  up  the  long  pipe,  and  as  it  must 
be  supplied  with  fresh  vo- 
lumes of  air  to  take  tiie 
place  of  that  which  rises, 
and  as  the  only  entrance  for 
the  fresh  air  can  be  down 
the  short  arm  of  the  sy- 
phon, the  circulation  soon 
commences,  and  it  pro- 
ceeds as  long  as  the  upper 
arm  is  kept  sufficiently 
warm.  If  a  flame  is  held 
over  the  mouth  of  the 
short  arm,  it  is  immedi- 
ately dragged  downward, 
whilst,  if  held  at  the 
mouth  of  the  long  pipe, 
the  motion  of  the  air  is 
seen  by  the  assistance  of 
the  fliune  to  be  in  the 
contrary  direction.  (Fig. 
421.) 

This  plan  of  ventilation     ^.    ,^ 

WM  nrnnnoA^   f  n  Via  ii«Pi1        "*•  '^*    ^  ■•  ln^«*«d  «l»««t  iron  sjphon.    At  O  is 
was  prOfWSea  to  pe  usea   ^^^  t,,^  ^^  ^  ^^  moiatened  with  Jfcohol,  whioli, 

in  rooms  in  connexion  with    being  sot  on  (ire,  wanns  the  tnbe  b.    d.  A  lighted  toich 

the  chimney  and  chimney-  ?£  '^SS?^  ^b  *5*  *^  ®'  which  u  drMmd  down 
•  J      J.       '^     tlietabeftt  ADjthedeacendingenmnt,Hidisi]niMU«d 

piece,  ana  in  order  to  give    npwarde  l^  the  aeeendlng  current  s. 

it  an  ornamental  appear- 
ance, the  chimney-piece  was  supplied  with  two  ornamental  hollow 
columns,  the  endb  of  which  were  open  at  the  mantelshelf,  and  the 
tubes  or  columns  were  continued  under  the  hearthstone,  prooeeding 
up  the  back  of  the  grate  and  entering  the  chimney,  in  which  there 
vould  be  a  constant. current  of  heatea  air,  and  it  was  expected  that 
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1  ajplKiD  arrangement  would    keep    &   cuirent  of  »it  »l«p  it 
ition,  and  tbiu  help  to  ventiUte  tl>e  room.  (F«.  4!S.}    'Dot  ^ 
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mot  t tTphoD.  c a c.  Ttaa dotted  Hue  ibowtng  the  plpa  tgefiiiM> 
iite  hflkHh,  and  tenDlDftthiff  In  a  long  pipe  paidng  Into  the  rtaniA^ 
Um  path  of  the  tlr  deegenduig  tna  tbe  chlmsej-plee*  ud  ■■ai'lil  ■ 


however,  does  not  ippeai  to  have  been  adopted,  and  wiselr  so,  bctuf 
half  the  time  tbe  eynhon  arrangement  might  ravert  itself,  and  Tomi 
amok  J  air  out  of  the  cbimne;  into  the  room ;  indeed  it  is  sntprisuig  *1^ 
odd  and  contradictorj  freaks  are  perfonned  b;  currents  of  aii.  "^ 
author  remembers  a  case  where  two  rooms  on  the  same  floor,  tht  °k 
k  diniiU'toom  and  the  other  a  drawii^-toom,  were  always  exliibitiiigtb 
most  absurd  phenomena  of  smoke.  Q  tbe  fire  in  one  room  was  lit,  \iif 
tiie  other,  ia  a  few  moments,  began  to  smell  eiactlj  like  (he  inside  oft 
gas  manofactory,  and  was,  of  course,  more  or  less  Slled  with  s)not^ 
whilst  the  room  in  which  the  fire  was  actually  burning  remamed  qui'' 
free  from  this  annojance.  The  smoke  appeared  to  issue  btm  ^ 
wainaoot  or  moulding  which  runs  round  at  tne  bottom  of  tbe  wall,  Uu 
waa  at  firat  thouBlit  to  be  an  escape  from  the  chimney  of  the  ^''^ 
beneath,  the  inside  of  which  was  duly  examined  and  thoroughly  stopp^ 
with  aenient  in  erety  place  likely  to  afford  a  channel  to  the  smokt^  >» 
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the  creTiee  whence  the  smoke  issued  was  also  filled  in  neatly  with 
cement.  But  it  was  all  in  vain ;  the  smoke  then  made  its  way  out  from 
another  part  of  the  cornice,  and  at  last  the  rooms  exhibited  a  beautiful 
redprocatinff  action.  If  the  drawing-room  fire  was  lighted  the  dining 
room  was  fml  of  smoke,  and  if  the  latter  was  lighted  the  former  had  the 
agreeable  visitation.  At  last  the  backs  of  the  two  grates  were  ex- 
aniined,  and  in  each  was  discovered  a  hole  about  one  inch  in  diameter ; 
and  it  was  also  found  that  the  spaces  at  the  back  of  the  stoves  had  not 
been  filled  in  properly,  and,  indeed,  communicated  with  the  hollow  space 
behind  the  cornice.  When,  therefore,  the  fire  was  lighted,  and  coals 
heaped  on  just  above  the  hole,  the  gas  and  smoke  dlstuled  through  the 
orince  and  travelled  on,  where  it  found  the  most  convenient  exit;  and 
the  fact  is  sadly  at  variance  {apparently)  with  theory,  because  it  might 
be  considered  that  cold  air  would  rush  towards  a  fire,  and  that  the 
draught  ought  to  have  been  from  the  cornice  to  the  chimney  instead  of 
vice  teraa.  The  fact  seems  to  be  that  the  coal  in  all  grates  is,  in  the  act 
of  burning,  distilling  and  ffivin^  off  inflammable  gas ;  when  the  coal  was, 
therefore,  heaped  above  the  onfice,  and  was,  possibly,  c^dced  hard  at  the 
top,  the  gas  distilling  from  it  escaped  more  easilv  from  the  little  orifice 
than  elsewhere,  and  chance  determined  that  the  channel  or  delivery  pipe 
should  be  in  the  direction  of  the  drawing-room  when  the  fire  was  burn- 
ing in  the  dining-room,  and  in  the  contrary  direction  when  the  fire  was 
lignted  in  the  latter  chamber.  The  nuisance  was  stopped  by  plng^g 
the  holes  at  the  back  of  the  grate  with  clay,  and  putting  a  sheet  of  iron 
over  the  orifice. 

Before  Br.  Faraday  was  appointed  as  a  scientific  counsellor  to  assist 
the  deliberations  of  the  Trimty  Board  in  connexion  with  lighthouses,  all 
the  lamps  were  burnt  in  the  lanterns  with  the  smallest  ana  most  imper- 
fect arrangement  for  cartying  off  the  heated  air  and  products  of  com- 
bustion ;  as  a  natural  consequence,  and  particularly  on  cold  nights,  the 
windows  of  the  lantern  of  the  lighthouse  were  covered  with  ice  derived 
from  the  condensation  of  the  water  produced  by  the  combustion  of  the 
hydrogen  of  the  oil,  whilst  the  carbon  generated  such  quantities  of  car- 
bonic acid  that  the  lisht-keepers  were  unable  to  stay  in  the  lantern,  and 
if  obliged  to  visit  the  latter  (whilst  looking  to  improving  the  light  of  any 
ainffle  lamp  that  might  be  burning  dimly),  they  were  almost  overpowered 
with  the  excess  of  carbonic  acid,  and  stated,  in  their  evidence,  that  it  pro- 
duced headache  and  sickness,  and  a  tendency  to  insensibility.  Faraday 
immediately  established  a  system  of  ventilation ;  and  by  attaching  a 
oopper  tube  to -the  top  of  each  lamp-chimney,  and  centering  them  all  in 
one  krge  funnel  passing  to  the  top  of  the  hghthouse,  the  whole  of  the 
water  which  previously  condensed  on  the  ^ass  windows  and  impeded 
the  light,  besides  injuring  the  brass  and  copper  fittings,  was  carried  off, 
as  also  the  poisonous  caroonic  acid  ffas ;  and  thus,  as  Br.  Faraday  ex- 
pressed himself,  a  complete  system  of  sewage  was  applied  to  the  lamps 
of  the  lighthouses. 

If  any  one  of  the  numerous  stories  of  ships  saved  by  the  Eddystone 
Li^thouae  could  demonstrate  more  than  another  the  value  of  this  beacon 
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in  mid  ocean,  it  inust  be  the  gnphio  accoimt  in  the  l^mes  of  the  gaOant 
conduct  of  the  British  Admiral  with  his  fleet  whilst  breasting  the  fnglitfiil 
storm  of  October,  1859,  and  endeayouring  to  reach  K^oatii  Soand : — 
"  It  was  on  Saturday,  the  22nd  October,  that  the  tiero,  the  Trqfizlpigr, 
the  Algiersj  and  the  AbouHr,  accompanied  by  the  Meney,  the  Racraid, 
and  the  Melpomene^  pnt  to  sea  from  Queenstown.    Up  to  the  afternoon 
of  Monday  the  squadron  met  with  no  remarkable  adventure,  but  about 
that  time,  just  after  the  crews  had  been  exercised  at  gunnery  praetioe, 
heavy  storms  of  hail  and  sleet  began  to  set  in.    Still  there  was  no  imme- 
diate indication  of  the  tempest  at  hand,  and  at  sunset  topsails  were 
double-reefed  and  courses  reefed  for  the  night,  with  no  particular  c^ 
racter  about  the  wind,  except  that  of  extreme  variabilis.    As  the  morn- 
ing broke  on  Tuesday — ^the  day  of  the  storm — ^tho  Land's-end 
sighted^  and  the  rain  and  the  wina  continued  to  increase.  About  nine 
the  advent  of  the  gale  was  no  longer  doubtful;  topgallantyards  i 
sent  on  deck  and  topgallantmasts  struck,  and  the  signal  was  given  from 
the  flagship,  'Form  two  columns;  form  line  of  battle;  Aiuniral  will 
endeavour  to  go  to  Plymouth.'   To  Plymouth,  acoordin^y,  the  course  of 
the  fleet  was  shaped,  but  so  terrifically  had  the  wind  moreased  that  it 
became  very  questionable  whether  the  stemmost  ships  of  the  line  cofM 
possibly  succeed  in  entering  the  Sound.     Upon  this  the  Admiral  deter* 
mined  to  wear  the  fleet  together,  stand  off,  and  face  the  storm,  a  ma- 
noeuvre which,  under  circumstances  of  great  difficulty,  was  most  gallantly 
executed.    The  ships  were  close  upon  the  Eddystone  Lighthouse,  round 
which  they 'darted like  dolphins'  under  the  tremendous  pressure  of  the 
gale,  the  Trafalgar  stopping  in  the  midst  of  the  storm  to  pidc  up  a  man 
who  had  fallen  overboud.    The  whole  squadron  now  stood  off  the  land, 
the  Mersey  and  Melpomene  furling  their  sails,  and  the  former  vessel 
steaming  along  'like  an  ocean  giant.'    Still  the  gale  increased  till  about 
three  p.m.,  when  there  occurred  that  remarkable  phenomenon  hj  wlddi 
these  rotatory  tempests  are  characterized.    The  fleet  had  got  mto  the 
very  centre  of  the  storm,  the  '  eye'  of  the  tornado,  and,  though  the  sea 
towered  up  and  broke  in  tremendous  billows  all  around,  the  wind  sud- 
denly ceased  and  the  sun  shone.    When,  however,  the  signal  had  bem 
given  and  obeyed  for  setting  sail  again,  the  ships  soon  encountered  the 
gale  once  more — not,  as  before,  from  the  S.E.,  but  the  N.W. — and  in 

greater  force  than  ever.  It  was  now  a  perfect  hurricane ;  and  for  three 
ours  the  whole  fury  of  the  tempest  was  poured  upon  the  squadraiL 
When  it  began,  at  length,  to  abate  a  little,  the  four  line-of-battle  shins 
and  one  of  the  frigates  were  still  in  company,  and  all  doing  weU.  The 
Mersey  and  the  JEmerald  had  steamed  mto  Plymouth,  but  the  five  re- 
maining vessels  kept  in  open  order  throughout  that  terrible  night,  wore 
in  succession  by  night  signal  at  about  one  a.m.,  made  the  land  at  day- 
light, formed  One  of  battle,  came  grandly  up  Channel  under  sail  at  i&t 
rate  of  eleven  knots  an  hour,  steamed  into  Portland,  and  'took  up  thdr 
anchorage  without  the  loss  of  a  sail,  a  spar,  or  a  ropeyam.' " 

After  making  the  important  improvement  in  the  ventilation  of  light- 
houseSf  many  letters  were  addressed  to  the  learned  philosopher  1^ 
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namerons  light-keepers,  one  of  which  in  plain  but  striking  language 
related  that  "  the  enemy  (alluding  to  the  water  and  carbonic  acid;  teas 
now  driven  out,'* 

The  ingenious  invention  alluded  to  was  succeeded  by  another  and 
equally  simple  but  philosophical  arrangement,  which  Dr.  Faraday  pre- 
sented to  nis  brother,  ana  it  was  duly  patented.  It  consisted  of  an 
arrangement  for  ventilating  gas  burners,  and  it  must  be  obvious  that  a 
necessity  exists  for  such  ventilation,  because  every  cubic  foot  of  coal 
gas  when  burnt  produces  a  little  more  than  a  cuoic  foot  of  carbonic 
add.  A  pound  weight  of  ordinary  coal  gas  contains  about  -j^ths  of  its 
weight  of  hydrogen,  which  when  burnt  produces  two  pounds  and  -/^jths 
of  a  pound  of  water.  A  pound  of  ordinary  coal  gas  also  contains  about 
-^ths  of  its  weight  of  charcoal,  which  produces  when  burnt  rather 
more  than  two  and  a  half  pounds  of  carbonic  acid  gas — viz.,  2*56.  In 
order  to  bum  this  quantity  of  gas  nineteen  cubic  feet  and  -^^ths  of  a 
foot  of  atmospheric  air,  containing  4*26  cubic  feet  of  oxygen,  are 
required. 

It  is  not  therefore  sur- 
prising that  as  common  coal 
gas  is  sometimes  purified 
carelessly,  and  contains  a 
minute  trace  of  sulphuretted 
hydrogen,  with  some  bisul- 
phide of  carbon  vapour,  that 
it  should  produce  the  most 
prejudiciaf  effects  in  badly 
ventilated  rooms,  and  espe- 
cially in  some  of  those 
percned  up  glass  boxes  in 
large  places  of  business, 
where  clerks  are  obliged  to 
sit  for  many  consecutive 
hours,  lightea  by  gas,  and 
breathing  their  own  breath 
and  the  products  of  combus- 
tion from  the  gas  light, 
thereby  rendering  them- 
selves liable  to  diseases  of 
the  lungs,  and  also  to  very 
troublesome  throat  attacks,      ^  ^    ,  ,,  ^^  ^^^  ^^  ^^^  burner,  th« 

when    leaving     their     close    air  enten,  as  uattal»  up  the  centre  of  the  argaiid« 

class  boxes,  and  passing  into  £^-  '^^^  ^*  gltae  chlmner  open  "t  the  top.    »  ». 

a:        rV    .  *,  7^  .  *^    ^^  j  The  second  glaea  chimney  closed  at  the  top,  with  a 

the  cold  night  air.     1  he  dan-  disc  of  double  talc,  and  fllthig  over  0  c,  and  leayfaig 

ferous  product  of  the  com-  *  ■!»<»  between  the  two  glasses,  down  which  the 

.  astion*of  ordinary  coal  gas  J^.'^STg^^L  SSb.T^"2  A.V<i 

18  sulphurous  acid — ^VlZ.,  the  sunonndfaig  the  whole.* 


*  Mr.  Faradi^a  of  Wardour-street,  aopplies  this  ventilating  lamii. 
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Hune  gu  u  that  genented  wlieii  ft  sulphur  matcli  ia  burnt :  and  if  it 
will  attack  the  bmdings  of  books,  and  damage  foniitiire,  goods  in  thopi, 
onrtaini,  ftc,  in  consequence  of  the  large  qoantitj  of  w^cr  with  which 
it  is  accompanied,  how  mnch  more  is  it  not  likelj  to  injure  the  delicate 
orgamsm  of  the  brealhing  apparatus  ot  the  lungs  F  Dr.  ^ndaVI  lanp 
ia  therefore  a  great  boon,  hut,  like  a  great  man;  other  clever  tbings,  it 
most  be  adapted  to  the  currents  of  air  and  draught  from  the  room ;  ud 
meaoi  most  be  taken  to  prevent  the  draught  becoming  too  powerful  in 
Faraday's  lamp,  or  else  the  illnminatinj  power  is  deatroyed  bj  the 
thorough  combustion  of  the  carbon  of  toe  coal  gas,  and  the  heat  gtoc 
rated  is  so  intense  that  the  glosses  soon  crack,  and  of  oootm  become 
useless.  The  lamp  will  answer  very  well  if  (as  has  been  alrcadj  slated) 
the  draught  in  the  ventilating  pipe  is  not  too  great. 

The  Bjatem  already  explained  and  illostrated  is  likewise  canied 
out  on  a  much  larger  scale  in  the  ventilation  of  coal  pits,  where  a  shaft 
is  usually  sunk  into  the  ground  for  the  admission  of  air,  which,  after 
caroolating  through  the  intricate  windings  and  mazas  of  the  ooal  pit 
workings,  escapes  at  last  from  another  shaft,  at  the  bottom  of  whiiA  ii 
placed  a  powerful  fnmaoe,  and  this  is  kept  burning  ni^t  and  day,  m 
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that  the  moYement  of  the  air  is  maintained  in  one  direction — viz.,  from 
the  onter  air  down  the  shaft  caUed  the  downcast,  thence  to  the  gallenes, 
where  the  coal  hewers  are  working,  to  the  second  shaft,  near  which 
the  furnace  is  placed,  and  np  this  latter  the  air  travels ;  the  shaft,  pit, 
or  funnel  being  very  appropriately  termed  the  upcast. 

Should  the  furnace  at  the  bottom  of  the  upcast  be  neglected,  the 
ventilation  may  be  just  balanced,  or  set  slightly  towards  the  downcast; 
under  these  circumstances  the  carbonic  acid  from  the  fire  will  begin  to 
circulate  in  the  galleries,  and  poison  those  who  are  not  aware  of  its 
presence  and  take  the  proper  means  to  escape.  Such  accidents,  amongst 
the  host  of  others  that  occur  in  a  coal  pit,  have  actually  been  recorded; 
and  the  firemen,  whose  duty  it  might  be  to  attend  to  the  proper  burning 
of  the  furnace,  have  had  to  pay  the  penalty  of  death  for  their  own  careless- 
ness in  fallinff  asleep  and  neglecting  to  maintain  the.  ventilation  of  the 
mine  in  one  direction.    (Fig.  4S4.) 

These  details  are  amply  sufficient  to  demonstrate  the  manner  in  which 
heat  is  diffused  through  air,  whilst  the  rarefication  of  the  air  by  heat 
suggests  the  cause  ot  those  frightful  storms  of  wind  that  rush  from 
other  and  colder  parts  of  the  surface  of  the  globe,  to  supply  the  void 
produced  by  the  cooling  and  contraction  of  the  enormous  volumes  of 
gaseous  matter. 

The  Radiation  of  Heat. 

When  rays  of  heat  are  emitted  from  incandescent  matter,  they  are  not 
necessarily  visible,  nay,  they  are  generally  invisible,  and  not  accom- 
panied with  a  manifestation  of  light,  and  pass  with  great  velocity  through 
a  void  or  vacuum,  also  thrOugn  air  and  certain  other  bodies.  From 
what  has  been  stated  respecting  the  manner  in  which  air,  by  continuaJly 
moving,  and  by  convection,  carries  off  heat,  it  might  be  thought  that  no 
proof  existed  that  invisible  rays  of  heat  are  resdlj^  thrown  off  from  a 
Dall  filled  with  boiling  water.  But  this  question  is  set  at  rest  by  the 
fact,  that  such  a  ball  will  cool  rapidly  when  suspended  by  a  string  inside 
the  receiver  of  an  air  pump  from  which  the  atmosphenc  air  has  been 
removed,  so  that  no  conduction  of  the  particles  of  air  could  possibly 
remove  the  heat. 

In  the  year  1786,  Colonel  Sir  B.  Thompson  examined  the  relative 
conducting  powers  of  air  and  a  Torricellian  vacuum — the  latter  being 
used  because,  as  the  experimenter  stated,  it  was  impossible  to  obtain  a 
perfect  vacuum,  on  account  of  the  moist  vapour  which  exhaled  from  the 
wet  leather  and  the  oil  used  in  the  machine,  for  at  that  time  carefully 
ground  brass  plates  were  not  used  in  air-pumps,  but  plates  only,  with  a 
circular  piece  of  wet  leather  upon  them.  In  a  paper  wnich  Colonel  Sir  B. 
Thompson  read  before  the  Ex)val  Society,  he  stated  that  "It  appears  that 
the  Torricellian  vacuum,  wliico  affords  so  ready  a  passage  to  tne  electric 
fiuid,  so  far  from  being  a  sood  conductor  of  beat,  is  a  much  worse  one 
than  common  air,  which  of  itself  is  reckoned  among  the  worst ;  for  when 
the  bulb  of  the  thermometer  was  surrounded  with  air,  and  the  instru- 
jnent  was  plunged  into  boiling  water,  the  mercury  rose  from  18^  to  97^ 
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in  forty-fire  seconds ;  bnt  in  the  fonner  eTperiment,  when  it  wu  Mr- 
round&d  bj  a  TDrricelliaj]  Tacuiuii,  it  Tcqnirad  to  rem&in  in  the  bcnliBg 
water  one  minute  thirt;  seconds  to  BCC|uire  that  degree  of  heftt.  In  the 
vacuum  it  required  five  minutes  to  rise  tc  MCAtna;  bnt  in  air  it  rose 
to  that  height  in  two  miontes  forty  eeeonils ;  ana  the  proportkm  of  the 
times  in  the  other  ohservation  was  nearh  the  s»ae. 

"  It  appears,  from  other  experiments,  tnat  the  oondncting  power  of  air 
to  that  of  the  Torricellian  vacuum,  under  the  eircunutaiices  deacribed, 
is  as  1000  to  703  nearlr,  for  the  quantities  of  heat  communicated  being 
equal,  the  intensity  of  the  communication  is  as  the  times  inrersely.  Bj 
otoers  it  appears  that  the  conducting  power  of  air  is  to  that  of  the 
Torricellian  yacunm  as  1000  to  603." 
It  is  therefore  very  interesting  to  discorer  that  the  altentioa  <rf 
experimentalists  was  eat^ 
directed  to  the  fact  that  beat 
was  independent  of  the  air, 
and  passed  either  as  wares 
of  heat  or  molecules  of  heat 
through  space.  The  velo- 
city with  which  beat  mons 
throngh  a  vaconm  is  T(iy 
great,  and  in  an  experiment 
performed  by  M.  Pictet,  do 
perceptible  interral  took 
place  between  the  time  at 
which  caloric  lotted  a 
heated  bodv  end  its  recep- 
tion by  a  thennometer  at  a 
distance  of  sixty-nine  feet. 
It  appears  also,  from  the 
eipenmenti  of  the  same 
philosopher,  to  be  thrown 
off  or  radiated  in  every  £.- 
rection,  and  not  to  be  di- 
verted (as  shown  at  p.<139) 
by  an;  strong  currmt  of  air 
passinK  it  tranarerselj.  Sir 
Humphrey  Dary  ignited  the 
charcoal  points  connected 
with  a  battery  in  avacuaic, 
taking  care  to  place  the 
charcoal  points  at  the  top 
of  the  Jar,  and  a  concave 
mirror,  with  a  delicate  ther- 
mometer in  its  focita,  at  tbe 
bottom  of  the  vessel  placed 
noon  tbe  air-pnmp  plate. 
lliB  effect  of  ndiaiion  was 
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■aoerUined  first  vhen  the  reoeiver  vas  full  of  air,  and  next  u-hen  it  was 
exhausted  to  yJTttli  (i.e.,  190  puta  pamped  out,  leaving  only  one  part 
of  air  in  the  receiver).  In  tiie  latter  case,  the  effect  of  radiatioQ  was 
found  to  be  three  times  greater  than  in  an  atmosphere  of  the  common 
densitj.  The  greater  rise  of  the  thermometer  in  vacuo  than  in  air  is  to 
be  ascribed  to  the  conducting  povrer  of  the  latter ;  for  this  conducting 
power,  b;  reducing  the  temperatore  of  the  heated  bod;,  has  a  constant 
tendency  to  diminish  the  activity  of  radiation,  which  is  always  pro- 
portional to  the  excess  of  the  temperature  of  the  heated  bod;  above  that 
of  the  surrounding  medium.  (Fig.  486.) 
Count  Ruraford's  experiments  with  a  Torricellian  vacuam  gives  the 

Eroportion  of  five  in  vaevo  to  three  in  air  for  the  quantities  of  heat  lost 
J  radiatioD,  and  by  condnction  or  diffusion.  It  is  not,  perhaps,  de- 
puting vei7  far  from  the  trnth,  if  it  be  stated  that  one  hall  of  the  heat 
tost  b;  a  h«kted  bod;  escapes  by  radiation,  and  that  the  rest  is  carried 
off  by  the  convective  power  of  currents  of  air. 

If  the  process  of  radiation  was  not  constantly  proceeding,  it  can  casilj 
be  imagined  that  the  temperature  of  our  globe  would  become  so  elevated 
by  the  regular  acceasioo  of  beat  from  the  sun's  rays,  that  the  vegetation 
would  be  parched  up  and  destroyed,  and  consequentl;  all  animals  and 
the  hninan  taoe  must  become  extinct.  The  best  time  to  notice  the 
radiation  of  heat  from  the  earth  is  at  night  and  after  a  hot  summer's 
day.  If  the  sk;  is  clear,  it  will  be  noticed  (with  the  help  of  a  ther- 
mometer,) that  the  ground  is  several  degrees  colder  than  the  air  a  few 
feet  above  it.  (Fig.  4S6.)    It  is  this  redaced  temperature  that  causes 


.      .     -  J,  PMUng  on  gnm,  wi 

HjiUoTwood,  ua  protected  from  tb«  wind. 

the  deposition  of  dew,  and  produces  the  earth-cloud  which  so  nearly 
resembles  a  sheet  of  water  as  to  have  been  occasionally  mistaken  for  on 
iaundaiiou,  the  occurrence  of  the  previous  night.  Mr.  Luke  Howard 
has  called  this  cloud,  which  is  the  lowest  form  of  these  draperies  of  the 
sky,  "The  Stratus,"  or  evening  mist ;  but  when  permanent,  and  increased 
to  a  depth  so  as  to  rise  above  our  beads,  it  is  then  called  the  morning 
fog,  so  peculiarif  agreeable  in  London  when  incorporated  with  the 
blMi  smoke,  makaig  a  line  reddish ryellow  ochreous  mist.  By  placing  a 
thermometer,  standing  at  the  ordinary  temperature  of  the  air,  cased 
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With  a  good  radiatmg  material,  such  as  nlameiLts  of  cotton,  in  the  focus 
of  a  concave  mirror,  and  by  taming  this  arrangement  towards  a  dear 
sky  in  the  evening,  it  will  be  noticra  that  the  temperature  falls  several 
degrees.  Good  radiators  of  heat  are  black  and  scratched  suifaoes, 
filaments  of  cotton,  grass,  twigs,  boug^  and  certain  leaTes,  especially 
those  with  a  rough  surface. 

Bad  radiators  of  heat  are  bright  and  polished  metallic  surfaoea,  white 
woollen  cloth  or  flannel,  hard  and  dense  substances,  such  as  a  ^vd 
path  and  stone,  or  those  leaves  which  have  a  polished  sur&oe,  sudi  as 
the  common  laurel.  It  is  the  frozen  dew  and  mist  which  produce  the 
beautiful  efl'ect  of  hoar-frost  and  icicles  on  the  trees  and  bushes,  the 
primary  cause  being  the  radiation  of  heat  from  the  various  objects  on 
the  surface  of  the  earth,  as  well  as  from  the  latter  itself.  When  the 
wind  is  high,  dew  does  not  deposit,  as  it  is  neoessaiy  that  the  air  should 
be  calm,  in  order  to  receive  the  ooolin^  impression  of  the  cold  earth,  and 
to  deposit  the  moisture,  which  it  holds  in  solution  as  invisible  steam. 
T¥hen  the  wind  blows,  it  mixes  all  parts  of -the  air  together,  and  prevents 
that  difference  of  temperature  which  causes  the  deposit  of  dew.  Hence 
the  evening  mist  will  be  more  generally  observed  in  the  bosom  of  a 
valley  surrounded  by  hills  and  screened  from  the  vrinds  that  may  blow 
from  either  quarter.  The  continual  presence  of  moisture  in  the  air  is 
well  shown  by  the  condensation  of  water  on  the  outside  of  a  glass  of 
cold  sprinff  water,  or  especially  on  the  outside  of  a  juff  containing  iced 
water,  'fhe  invisible  steam  is  always  ready  to  bathe  the  tender  plants 
with  dew,  which  would  otherwise  perish  and  be  burnt  up  during  a  hot 
summer,  if  they  did  not  radiate  heat  at  night,  and  thus  condense  vrater 
upon  themselves.  The  presence  of  watery  vapour  in  the  air  becomes 
therefore  a  matter  of  great  importance,  and  hence  the  construction  of 
hymmeters  or  measurers  of  the  moisture  in  the  air. 

JK^egnault's  condenser  hygrometer  consists  of  a  tube  made  of 
silver,  very  thin,  and  perfectly  polished ;  the  tube  is  hrf^er  at  one 
end  than  the  other,  the  lar&^e  part  oeing  1'8  in  depth  by  8*10  m  diameter. 
This  is  fitted  tightly  to  a  brass  stand,  with  a  telescopic  arrangement  for 
adjusting  when  making  an  observation.  The  tube  has  a  small  lateral 
tubulure,  to  which  is  attached  an  India-rubber  tube  with  ivory  mouth- 
piece ;  this  tubulure  enters  at  right  aojgles  near  the  top,  and  traverses 
it  to  the  bottom  of  lar^st  part.  A  delicate  thermometer  is  inserted  in 
through  a  cork,  or  India-ruober  washer,  at  the  open  end  of  the  tube^ 
the  bulb  of  which  descends  to  the  centre  of  its  largest  part.  A  ther- 
mometer is  attached  for  taking  the  temperature  of  the  air;  also  a  bottle 
for  containing  ether. 

To  use  the  condenser  hygrometer,  a  sufficientquantity of  sulphuric  ether 
is  poured  into  the  silver  tube  to  cover  the  thermometer  bulb.  On  allowing 
air  to  pass  bubble  by  bubble  through  the  ether,  by  breathing  in  the 
tube,  an  uniform  temperature  will  be  obtained ;  if  the  ether  continues 
to  be  agitated  by  breathing  briskly  through  the  tube,  a  rapid  reduction 
of  temperature  will  be  the  result.  At  the  moment  the  ether  is  oooled 
down  to  the  dew-point  temperature,  the  external  surface  of  that  poirtioo 
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of  the  silfer  tnbe  containing  the  ether  will  become  covered  with  a  cotliof 
of  moisttire,  uid  the  degree  shawn  b;  the  thermometer  at  that  inttun 
will  be  the  temperature  of  the  dew-point. 

The  most  simple  form  of  the  hj^^meter  was  formerly  a  verj  farourite 
indicator  of  the  state  of  the  weather,  and  mually  coosisted  of  the 
figure  of  a  monk  with 
his  hood,  which  is  at- 
tached to  a  bit  of  cat- 
gnt;  this  coTcring  of 
paper,  painted  to  re- 
present the  hood,  falls 
orer  the  head  on  the 
approach  of  damp 
weather,  and  inclines 
well  back  duriog  the 
period  that  the  air  is 
dry  or  contains  less 
moisture  1  and  simple 
as  it  is,  this  b  jgromeber, 
in  conjunction  with  the 
reading  of  the  baro- 
meter, may  aiaiat  Pa- 
ler/amiliiu  in  deciding 
the  fate  of  a  pet  bon- 
net or  velvet  mantle, 
which  is  or  is  not  to 
be  worn  on  a  doubtful 
daj.  (Pig.  427.) 

A  decision  on  the 
possible  changes  of  the 
weather  requires  con- 
siderable   experience, 
and  it  has  been   said 
that  one  of  the  most      „    ,„    „        .  .  ...... 

celebrated  marshals  of  J^S^ibS^oX^i^C'^ifrt'tSlh'JjiS^AS 

France  owed  hia  inva-   nrinu  IntamtdUU  txKttjcot,  bdnginUa  twk  utd  dd  lb( 

riable  success  in  mili-  ''™|f'^v^''^  of  ih.  sir,  i  UwnnDMer.  ».  I. 
tarj  eombmations  and 

attacks  to  his  attention  to  the  signs  of  the  weather,  as  indicated  by 
the  state  of  the  air  during  the  poases  of  the  moon.  Ineiperienced 
peraons  (and  by  Ibst  we  mean  yoong  persons)  may,  however^  take  a 
certun  position  in  the  lank  of  "  weatber  prophets"  bv  oonsultm^  the 
weathercock,  the  barometer,  and  the  hygrometer,  berore  committing 
themselves  to  an  opinion,  if  asked  to  say  wbat  the  weather  will  be. 

The  dry  and  wet  bnlb  hygrometer  (as  represented  in  the  next  en- 
graviiw)  consists  of  two  puidlel  thermometers,  as  nearly  identical  as 
posubte,  monnted  on.a  wooaen  bracket,  one  marked  dij,  the  other  teet. 
llie  bulb  of  the  wet  thermometer  is  covered  with  thin  muslin,  roond  the 
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Deck  of  wiich  is  twisted  a  ooiulDctiiig  thread  irf  lamp-wick,  or  cxniMoo 
dBming-cotton ;  thii  nitsses  into  a  vessel  of  water,  pW«d  *t  sucli  a 
distsace  as  to  allow  ■  length  of  couductinK  thread  of  abont  three  indies  ■ 
the  enp  oc  glass  is  placed  on  one  side,  ai^  a  Uttle  beneath,  so  that  the 
water  within  tnaj  not  affect  the  leading  of  the  <^£«aU«mMKil«-.  In 
observing,  the  eye  shoold  be 
placed  on  a  lercl  with  the  top 
of  the  mercniT  in  the  tnbe,  and 
the  obserrer  snoald  le&aiafiom 
breathing  whilst  takh^  an  ob- 
servation. The  temperatura  of 
the  air  and  of  sTaporatioii  is 
given  bj  the  readings  of  the 
imo  ikeriKomeUn,  iraai  which 
can  be  calculated  the  dew-point, 
tables  bebg  furnished  fw  tiwt 
purpose  with  the  instTument. 
(Fig.  428.) 

The  coloorof  the  akrat  par- 
ticular times  affords  tLe  most 
excellent  gnidance  to  donbtii^ 
members  of  pie-nic  or  other 
out^f-door  puties.  Not  onlj 
does  a  rosj  sunset  presage  fine 
weather,  and  a  mddT  sunrise 
bad  weather,  but  there  are 
other  tints  which  speak  with 
equal  clearness  and  accuracj. 
A  bright  yellow  skj  in  the  even- 
ing indicates  wind:  a  pale  yel- 
low, wet ;  a  nentral  grej  cowor 


constitutes  a  favoonble  sign  in 
the  evening,  an  imfaronikble 
one  in  the  morning.  The  clouds, 
again,  are  fall  oT  meaning  in 
themselves.    If  their  forms  are 


tall;  speaking,  anjr  deep,  un- 
uantd  hues  betoken  wind  oc 
rain,  while  the  more  quiet  and 
delicate  tints  beqteak  fiiw 
weather. 
The  principle  of  radiation  ' 


heat  is  employed  b;  the  Indian 
eaiu  tbe  neighboorhood  of  Calcntla  for  tbe  pmpote  of  obtainii^  amall 
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qoantities  of  ioe.  In  that  dimaie,  the  thermometer  during  the  coldest 
nights  does  not  indicate  a  lower  temperature  than  about  40°  Fahr. 
The  sky,  however,  is  perfectly  cloudless,  and  as  heat  radiates  with  great 
rapidity  from  the  surtace  of  the  ground,  the  Indian  natives  ingeniously 
place  very  shallow  earthenware  pans  on  straw,  which  is  a  bad  conductor 
of  heat,  and  hence  insulates  tne  pans  from  communication  with  the 
pjtfched  earth.  In  a  few  hours,  the  water  in  the  pans  is  covered  with  a 
thin  sheet  of  ice,  and  there  can  be  no  doubt  ot  its  production  bv  an 
absolute  loss  of  heat  by  radiation,  because  the  plan  does  not  succeed  on 
a  windy  night,  and  succeeds  best  even  when  the  pans  are  sunk  in 
trenches  dug  in  the  earth.  A  windy  night  prevents  that  difference  of 
temperature  between  one  portion  of  the  surface  of  the  earth  and  another, 
which  is  so  essential  to  a  steady  and  uniform  loss  of  heat,  as  it  must  be 
evident  that  the  continual  mixture  of  warmer  portions  of  air  with  that 
which  is  colder  would  tend  to  prevent  the  desired  lowncss  of  temperature 
being  attained. 

The  manner  in  which  heat  is  observed  to  be  radiated  has  sug^ted 
another  theoir  to  the  fertile  brain  of  philosophical  observers,  and  it  has 
been  supposed  that  the  conduction  of  heat  may  be  nothing  more  than  a 
radiation  horn  one  particle  of  matter  to.  another,  as  through  a  bar  of 
copper,  in  which  the  particles,  though  packed  closely  together,  are  not 
supposed  to  be  in  actual  contact,  so  that  it  is  possible  to  conceive  each 
separate  atom  of  copper  receiving  and  radiating  its  heat  to  the  neigh- 
bouring particle,  ana  so  on  throughout  the  lex^h  and  breadth  of  tne 
metaL  By  this  theory  the  radiation  of  heat  through  a  vacuum  is  brought 
into  close  connexion  with  that  of  the  radiation  of  heat  through  the  air 
and  other  solid  and  liquid  bodies. 

Some  of  the  most  interesting  phenomena  of  heat  are  those  discovered 
hj  Leslie,  who  has  proved  in  a  very  satisfactory  manner  that  the  rapidity 
with  which  a  bodv  cools,  depends  (like  the  reflection  of  light)  more  on 
the  condition  of  the  surface  than  on  the  nature  of  the  material  of  which 
the  surface  is  composed.  With  a  globular  and  bright  tin  vessel  it  was 
observed  that  water  of  a  certain  neat  contained  in  it,  required  156 
minutes  to  cool ;  but  when  the  latter  vessel  was  covered  with  a  thin 
ooatinff  of  lamp-black  and  size,  the  water  fell  to  the  same  degree  as  that 
noticed  in  the  first  experiment  in  the  space  of  eighty-one  minutes. 

By  very  careful  observations  made  with  a  differential  air  thermometer 
Leslie  determined  that  the  power  of  radiating  heat  in  various  sub- 
stances was  as  follows : — 

Lamp-black 100 

Writmg  paper 98 

Sealing  wax 95 

Crown  glass 90 

Plumbago 75   . 

Tarnished  lead 45 

Clean  lead 19 

Iron,  polished 15 

Tin  plikte,  gold,  silver,  copper 12 
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A9  in  the  reflection  of  light,  it  was  noticed  that  a  piece  of  dianoii 
covered  with  gold  leaf,  partook  of  the  nature  of  the  precious  metal  » 
far  as  its  power  of  tlux>wing  off  or  scattering  the  rajs  of  light  was  con- 
cerned, so  a  piece  of  glass  covered  with  gold-leaf  appears  to  possess 
the  same  power  of  radiating  heat  as  that  of  any  brilliant  metal. 

Radiant  heat,  like  light,  can  be  propagated  through  a  great  variety 
of  substances,  but  is  stopped  by  the  larger  number;  and  it  can  be  re- 
flected, refracted,  polarized,  absorbed,  or  it  may  undergo  a  seconduy 
radiation. 

The  intensity  of  radiant  heat  follows  the  same  law  as  thai  of  ligbt, 
and  decreases  as  the  square  of  the  distance  from  its  source.  The  same 
law  that  governs  the  reflection  of  light,  also  prevails  with  that  of  heat; 
and  it  may  be  found  by  experiment  ths^  the  an^le  of  incidence  is  eqiul 
to  the  angle  of  reflection,  so  that  the  heat  is  disposed  of  in  the  same 
manner  as  light  when  it  falls  upon  bright  pohshea  planes,  convex  and 
concave  surfaces ;  hence  the  use  of  bright  tin  meat  screens  and  Dutch 
ovens,  and  of  aU  those  simple  pieces  of  culinaiy  furniture  which  are  em- 
ployed in  the  kitchen  for  the  purpose  of  arresting  the  cold  currents  of 
air  that  set  towards  burning  matter,  as  also  to  reflect  the  heat  upon 
whatever  viands  may  be  cookiiijg  before  the  fire.  A  brieht  silver  teapot 
retains  its  heat  better  than  a  dirty  one,  and  the  fact  is  detemuned  very 
readily  by  pouring  boihng  water  into  two  tei^ts,  the  one  being  made  of 
bright  tin  and  the  other  of  black  japanned  tin.  A  thermometer  inserted 
into  each  yessel  will  soon  show  that  the  latter  radiates,  and  therefore 
loses  its  heat  quicker  than  the  former;  the  relative  radiating  powers  of 
briffht  and  blackened  tin  being  as  15  to  100.  Pipes  for  the  convevanoe 
of  not  water  or  steam  should  be  kept  bright,  if  possible,  although  this 
trouble  is  avoided  usually  by  packing  them  in  bad  conductors  of  hett, 
whilst  the  polish  of  the  cylmder  of  a  steam-engine  is  of  great  impor- 
tance as  a  means  of  economizing  heat. 

When  the  finger  is  approached  within  an  inch  or  so  of  a  red-hot  bail, 
the  heat  radiated  from  tne  latter  is*  so  intense  that  it  cannot  be  held  there 


FIff.420.  A  B.  The  cone  of  paper,  gUt  Inride.  o.  The  red-hot  ball.  ».  Staa^*^ 
woodsa|iDortinff  a  ilice  of  phoephomB,  which  is  brought  into  the  foca  of  the  nj9  orhMt 
reflected  tnioiign  the  oone. 
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for  more  than  a  few  seconds.  If,  however,  the  finger  is  coated  with 
gold  leaf  it  may  be  kept  near  the  iron  ball  for  some  considerable  time, 
because  the  raoiant  heat  is  reflected  from  the  surface  of  the  gold.  If 
the  word  heat  is  written  upon  a  sheet  of  paper  and  the  letters  after- 
wards gilt,  the  whole  of  the  white  surface  is  rapidly  toasted  and  scorched 
when  held  before  a  fire,  whilst  the  surface  ot  the  paper  under  the  gold 
leaf  remains  perfectly  white,  which  can  be  ascertained  by  turning  the 
paper  round  and  observing  the  other  side.  A  sheet  of  paper  gilt  inside 
and  turned  round  as  a  cone,  being  left  oi)en  at  both  ends,  may  be  em- 
ployed as  a  reflecting  surface ;  and  if  a  bit  of  phosphorus,  placed  on 
paper,  is  held,  sa^  at  two  feet  from  a  red-hot  ball  oi  about  two  inches 
diameter,  the  raxual  heat  from  the  latter  has  not  sufficient  intensity  at 
that  distance  to  set  it  on  fire  quickly ;  if,  however,  the  cone  of  gilt  paper 
is  used  between  the  two,  and  the  pnosphorus  brought  into  the  focus  of 
the  rays  of  radial  heat,  it  very  quickly  takes  fire.  (Fig.  429.) 

Dr.  Bache  has  determined  oy  experiments  that  the  radiation  of  heat 
firom  a  bod^  is  not  affected  by  colour,  so  that  in  winter  all  coloured  clothes 
are  alike  in  that  respect,  and  radiate  heat  without  any  appreciable  dif- 
ference. The  power  of  ctbtorbittg  heat,  however,  is  greatly  aependent  on 
colour ;  and  as  a  general  rule,  good  radiators  of  heat  (such  as  a  black 
doth,  or  indeed  any  surface  covered  with  lamp-black),  are  also  excel- 
lent absorbents  of  heat.  Dr.  Hooke  and  Dr.  Franklin  placed  pieces  of 
doth  of  similar  texture  and  size  on  snow,  allowing  the  sun's  rays  to  fall 
equally  upon  them.  The  dark  specimen  always  absorbed  more  heat 
than  the  light  ones,  and  the  snow  beneath  them  melted  to  a  greater 
extent  than  under  the  others ;  and  they  both  remarked  that  the  effect 
was  nearly  in  proportion  to  the  depth  of  the  shade,  as  in  the  following 
order : — ^After  bhbck,  the  maximum  absorbent  quality  was  possessed  by, 
first,  blue;  second,  green;  third,  purple;  fourth,  red;  fifth,  yellow. 
The  minimum  absorbent  power  was  observed  to  bdong  to  white. 

When  radiant  heat  is  allowed  to  pass  through  glass,  the  latter  sub- 
stance is  not  found  to  be  transparent  to  heat  rays  as  it  is  to  those  of 
light,  but  a  considerable  proportion  of  heat  is  arrested  and  stopped; 
consequently  gkss  fir&-8creens  are  to  be  found  in  the  mansions  ot  the 
wealthy,  because  they  obstruct  the  heat  but  do  not  exdude  the  cheerful 
light  and  blaze  of  the  fireside. 


II  H 


bot's  flatboox  or  scixsck. 


Fig.  130.    Hueocti 


CHAPTEH  XXVni. 


It  mast  be  apparent  to  those  wlio  read  popular  waAa  on  soence,  tbt 
thej  possess,  at  all  events,   ooe  point  of  ntilit; — viz.,  that   tltet  an 
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special,  searching  and  eihanstire  stndj.     The  snbject  of  steam  uid  tlie 


s  subjects  that  mar  be  selected  i: 
Lhanstire  stud;.     The  snbject  i 
e  that  could  be  thorough];  treated  of  in  ihe 


narrow  space  allowed  in  this  volume,  but  enoog^  maj  be  said  to  gire 
some  instruction  and  to  impart  common  principles,  whilit  the  minatt 
details  are  better  examined  and  leamt  in  tne  works  of  Boonie,  BanlriiK, 
and  other  authors  who  devote  themselrea  apeciall;  to  the  importMd 
commercial  question  of  steam. 

The  first  truth  to  be  comprehended  is,  that  all  matter  containa  withia 
its  substance  the  power  of  creating  heat — or  as  it  maj  be  exprosei! 
more  plain!;,  solids,  fluids,  and  ^ases  contain  what  is  termed  laieal  or 
insensible  heat,  in  controdLStinclion  to  the  heat  which  is  apparent  wh« 
we  toiuh  a  vessel  containing  warm  water  or  approach  a  cheerfol  fire ; 
this  latter  is  termed  untiile  heat,  and  has  formed  the  snl^ect  of  the 
preoeding  chapters. 

If  a  cold  horse-shoe  nail  is  applied  to  a  thin  dcj  slice  of  phosphorus 
lud  on  a  sheet  of  paper,  no  combuBtiou  of  the  phosphoms  ensues,  be- 
cause the  temperature  of  the  iron  is  not  sufficient!;  ni|^  to  affect  thai 
combustible  substance ;  but  if  the  horse-shoe  nail  is  viKorouslj  hammered 
on  an  anvil,  the  particles  of  the  metal  ate  brought  doser  together,  and 
if  it  is  applied  to  the  phosphonia,  so  much  heat  haa  been  oenmted, 
thmst  or  squeesed  ont  Dj  the  hammering  or  coiiauafigm  of  the  iKXh 
that  it  is  now  sufficient!;  warm  to  set  fire  to  it. 
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The  reyerae  or  antithesis  to  this  ex)[>eriDient — viz.,  the  production  of 
cold — ^woidd  be  shown  if  it  were  possible  to  expand  a  mass  of  metal 
suddenly,  and  this  can  be  effected  by  first  melting  together 

207  parts  by  weight  of  lead. 
118         „         „        tin. 
284         „         „        bismuth. 

When  these  metals  are  in  the  lic^uid  state  and  nerfectly  mixed,  they 
are  poured  &om  a  sufficient  height  mto  a  pail  of  cold  water,  for  the  pur- 
pose of  granulating  or  di?idinff  them  into  small  fragments. 

If  the  flranulated  compounamet^  is  now  mixed  with  1617  parts  by 
weight  of  quicksilver,  it  becomes  suddenly  liquefied  and  expanded: 
liquefaction  is  the  reyerse  of  solidlQcation,  and  hence  cold  is  produced  from 
the  natural  heat  of  the  compound  metals  being  rendered  latent  by  the 
change  from  the  solid  to  the  liquid  state ;  so  that  a  small  quantity  of  water 
placed  in  a  glass  tube,  ana  surrounded  with  the  metals  whilst  lique- 
fying in  the  mercury,  becomes  rapidly  conyerted  into  ice,  the  fait  of 
tne  temperature,  as  shown  by  a  thermometer,  being  from  60°  Falir.  to 
14°,  which  is  18°  degrees  below  the  freezing  point  of  water.  In  the 
former  case,  by  hammering  the  iron  the  laieiU  heat  is  made  sensible; 
whilst  in  the  latter  case,  by  the  liquefaction  of  the  compound  metal  in 
mercury,  the  sensible  heat  is  rendered  laieni.  The  heat  rendered  latent 
by  melting  different  substances  is  not  a  constant  quantity,  but  varies 
with  every  special  body  employed,  and  the  Drs.  Irvine  have  proved 
this  fact  by  tne  following  experiments : — 


Sulphur 
Spermaceti 
Lead  .  . 
Bees'-wax  . 
Zinc .  .  . 
Tin  .  .  . 
Bismuth 


Heat  of  fluidity. 

143-68^  Fahr. 

145 

163 

176 

493 

500 

550 


}» 


it 


it 


)> 


»> 


it 


Ditto,  reduced  to  the 
ipecifio  heat  of  water. 

.    27--14. 

*.      5-6. 

!    48-3. 
.    33- 
23-25. 


Every  one  of  these  substances  requires  more  heat  to  bring  them  into 
the  liquid  condition  than  ice,  for  widch  140°  of  heat  are  sufficient,  or 
are  rendered  latent  during  its  conversion  into  water. 

In  coining  at  the  Mint,  the  cold  blank  pieces  of  igold,  silver,  or 
copper  become  hot  directly  they  have  sustained  the  violent  and  sudden 
pressure  of  the  coining  press,  and  they  must  be  heated  again,  or  an- 
nealed, to  restore  the  equilibrium  of  the  heat  disturbed  bv  the  violent 
blow,  or  else  they  remain  hard  and  unfit  to  sustain  the  finishing  process 
of  milling. 

The  condensation  of  water  when  it  assumes  a  smaller  bulk  by  union 
with  sulphuric  acid,  is  easily  proved  by  measuring  a  pint  of  water  and 
a  pint  of  acid,  and  mixing  them  together,  when  a  very  great  increase  of 
temperature  may  be  perceived;  and  by  placing  into  the  mixture  a  cold 
copper  wire  that  pieviously  oould  not  ignite  phosphorus,  it  beoomM 

hh2 


468  sot's  platbook  of  bciexck 

TOTf  hot,  and  wIigil  romoTnl  and  wiped  it  will  cmnac  phospbonu  to  in 
directl;  it  touches  that  labatance.  Wben  the  mixture  of  salphane  iciil 
■nd  water  ia  measoied  aflei  it  has  cooled,  it  has  no  longer  a  bulk  of  t«o 
pints,  bnt  is  Tound  to  bave  lost  balk  equal  to  one  or  more  onnces  bT 
measare.  Tbe  heat  evolTed  bj  a  miztnre  of  fonr  parts  of  strong  sul- 
phuric add  and  one  part  water  ia  shown  b;  the  thermometer  to  be 
300°  Fahr.,  and  this  mode  dC  obtaining  heat  has  been  lued  by  a '- 


o  the  gas  in  the 


When  alcohol  and  water  are  miied  a  chanf^  of  denaitj  oooon,  and 
heat  is  produced ;  and  if  equal  meaauies  of  alimhol  of  a  speciflc  grantr 
of  -Sas,  and  water,  each  at  60"  Fahr,,  are  mixed,  « temperatnre  of  Jff* 
F&hr.  is  obtained ;  if  the  miitnra  is  made  in  a  gloss  veuel,  as  shown  ia 
the  annexed  cut,  the  combination  ia  rerj  apparent.  To  peifarm  ihe 
experiment  praperlj,  water  is  poured  into  the  lower  tube  and  bolb,  and 
•iMhol  into  tbe  top  one;  when  this  is  done,  the  stopper  i"  ---^-'  --' 
the  wholo  thonra^lj  shaken  and  mixed  together;  toe  wi 
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ihoB  obtained  is  apparent  to  the  hand,  whilst  the  con- 
traction is  shown  after  the  mixture  is  cold,  as  it  no 
longer  fills  the  two  bulbs  of  the  instrument.  (Fig.  432.) 
The  latent  heat  of  gases  is  easily  shown  br  suddenly 
condensing  air  in  a  small  syringe  or  pump,  of  which  the 
piston  contains  a  minute  fragment  of  amadou  (a  species 
of  fungus,  Polfponu  igniariiu  ;  this,  according  to  Sim- 
monds,  after  nietving  been  beaten  with  a  mallet,  and 
dipped  in  a  solution  of  saltpetre,  forms  the  spunk  or 
Gterman  tinder  of  commerce ;  it  is  also  used  as  a  styptic, 
and  made  into  razor  strops),  which  takes  fire,  and  before 
the  invention  of  vesta  ana  other  matches,  tobacco-smokers 
were  in  the  habit  of  obtaining  a  lifht  for  their  pipes 
and  cigars  in  this  manner-^viz.,  by  the  latent  heu  ob- 
tained from  the  contraction  or  compression  of  air. 
Then,  again,  an  instructive  though  opposite  parallel  is 
afforded  by  suddenly  expanding  or  rarefying  air  in  a 

flass  receiver  provided  with  a  delicate  thermometer. 
\j  pumping  out  some  of  the  air,  a  considerable  diminu- 
tion of  the  temperature  occurs,  and  e<)ual  to  several 
d^prees  of  the  tbermometer.  Every  child  knows  that 
st^un  direct  from  the  kettle  will  scheJc!^  but  if  it  issues 
from  a*  high-pressure  boiler,  say  at  fifteen  pounds  on 
the  square  inch,  theJiand  may  be  held  with  impunity  in 
the  escaping  steam,  as  it  merely  feels  gentlv  warm,  and 
not  scalding.  Thu  is  due  partly  to  the  loss  of  heat 
rendered  latent  by  the  expansion  of  the  high-pressure 
steam  directly  it  passes  into  the  air,  and  part^  to  the 
currents  of  air  that  are  dragged  into  an  escapmg  jet  of  steam.  This 
tendency  of  the  air  to  rush  .. 

into  a  jet  of  steam   was 


Fig.  432.  OliM 
boIbtaiKl  tabeto 
■how  the  oontnu!- 
tion  in  balk  of  a 
mixture  of  alcohol 
and  water. 


discovered  by  Faraday,  and 
explains  those  curious  ex- 
periments with  a  jet  of 
steam  by  which  balls,  empty 
flasks,  and  globular  vessels 
are  sustained  and  supported 
either  perpendicularly  or 
horizontally. 

If  steam  at  a  nressure  of 
about  sixtv  pounds  per  inch 
is  allowed  to  escape  from 
a  proner  jet,  and  a  large 
ligntea  oirccdBr  torch  com- 
posed of  tow  dipped  in  tur- 
pentine held  over  it,  the 

course  of  the  external  air  is  ,  f^^id^oJS'hSd^SSS  tba  eeowjlM 
shown  by  the  direction  of  S^'fla£fhimtheft)niiffaUraAiatoS!%i«. 


high-; 
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the  flames,  whicli  aie  forcibly  pulled  and  bk>wii  into  the  jet  oC  stnun 
with  a  roaring  Doise,  indicating  the  rapiditj  of  the  blast  o!  air  morag 
to  the  steam  jet.    (Fig.  483.) 

Egg-shdls,  empty  flasks,  india-rubber  or  light  copper  and  brass  balls, 
are  suspended  in  the  most  singular  manner  inside  an  escaping  jet  of  high- 
pressure  steam ;  and,  before  the  explanation  of  Faraday,  teams  of  paper 
were  used  in  the  discussion  of  the  possible  theory  to  aeoount  for  tnis 
effect ;  and  what  made  the  explanation  still  more  difficult  was  the  £act 
that  the  jet  of  steam  might  be  inclined  at  any  angle  between  the  hori- 
zontal and  perpendicuuur,  and  still  held,  the  ball,  egg-shell,  or  other 
spherical  figure  firmly  in  its  vapoury  grasp.    (Fig.  434.) 


^"^ 


Fig.  4M.  A.  Ball  and  aockal  Jet  at  n  angle,  and  diaohBiteff  ataiin. .  Tbe 
ogg-ghells  are  rapported  bj  the  enonDOoa  corrent  of  air  moring  into  the  jet 
in  the  direction  of  the  anowB. 

I  may  here  mention  a  curious  exhibition  which  I  witnessed  at  the 
offices  of  the  Westiughouse  Brake  Company  at  Westminster.  Here  there 
is  a  full-sized  model  of  the  railway  brake,  which  is  kept  charged  with 
air  at  the  pressure  of  85  lbs.  on  the  square  inch.  At  one  side  of  the 
apparatus  is  a  tube  furnished  with  a  jet,  which  has  a  ball  and  socket 
joint,  so  that  it  can  be  turned  to  different  angles.  A  cock  is  fixed  to 
tins  jet,  so  that  the  air  can  be  turned  on  or  on.  It  seems  that  one  day 
the  engineer  in  charge  took  a  child's  indiarubber  ball  in  his  hand,  in 
order  to  see  how  far  the  escaping  blast  would  project  it.  To  his  sur- 
prise the  ball  remained  suspended  in  mid-air.  More  than  this^  he  found 
that  it  would  also  remain  suspended  although  the  nozzle  through  which 
the  air  was  rushing  was  inclined  almost  to  the  horizontal,  as  in  tbe  case 
of  the  egg-shells  figured  above.  This  led  to  further  experiments,  and 
balls  of  {Ql  kinds  of  indiarubber  and  solid  wood  up  to  fife  inches  in 
diameter  were  used  with  a  like  result.  At  the  time  of  my  visit  I  had 
the  pleasure  of  watching  the  behaviour  of  these  several  globes,  and  the 
effect  was  most  curious  and  interesting.  The  hollow  indiarubber  balls 
revolved  so  quickly  that  their  forms  b^me  flattened,  the  shape  in  (act 
of  this  revolving  earth — an  oblate  spheroid.  But  perhaps  the  most 
remarkable  effect  was  produced  when  the  engineer  aotnally  pidced  up 
with  the  air  jet  a  heavy  wooden  ball  from  an  adjoining  snelf.  The 
nozzle  was  next  fitted  with  a  jet  pierced  with  four  holes,  one  in  the 
centre,  and  the  other  three  occupying  the  comers  of  a  triangle  round 
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it.  Four  glass  marUes  were  then  placed  one  by  one  above  these  holes, 
and  they  were  presently  dancing  in  mid-air,  supported  apparently  on 
nothing. 

A  lar^e  ball  measuring  more  than  a  foot^  in  diameter  has  lately  been 
placed  in  the  lar^  hail  at  the  Polytechnic  Institution.  This  is  ken^t 
suspended  in  mid-air  by  the  action  of  a  powerful  air-blast,  and  the 
effect  of  this  ball  gracefullj  dancing  upon  nothinff  is  very  curious.  This 
arrang[ement  has  been  contiived  t»y  Mr.  Pichler,  a  gentleman  whose 
name  is  well  known  in  connection  with  the  institution.  To  his  ingenuity 
is  due  the  life-sized  figure  of  Leotard,  which  has  for  so  many  years 
delighted  the  juveniles  oy  its  performance  on  the  trapeze.  But  Mr. 
Pichler  has  lately  produced  a  still  more  wonderful  automaton  in  the 
counterfeit  presentment  of  the  renowned  Blondin.  This  marvellous 
fiffure  walks  along  a  rope  stretching  from  end  to  end  of  the  large  hall, 
lifting  each  foot  alternately  in  the  most  life-like  manner.  The  figure 
wheels  before  it  a  barrow,  as  the  veritable  Blondin  himself  did  across 
the  yawning  chasm  of  Niagara.  It  has  no  support  whatever  but  that 
funushed  by  the  rope  upon  which  it  treads,  and  the  means  by  which  its 
natural  movements  are  governed  remain  an  inexplicable  mysterv  to  all 
beholders.  I  am  sony  to  thmk  that  the  crowds  which  assembled  to 
see  the  real  Blondin  go  throueh  his  perilous  task  are  not  more  nu* 
merously  represented  at  the  performances  of  his  effigy.  It  seems  hard 
to  think  that  the  onlj  attraction  in  the  former  case  is  the  chance  of 
witnessing  a  fi^al  accident,  which  would  of  course  be  quite  impossible 
with  Mr.  Tichler's  automaton. 

In  consequence  of  the  sreat  rush  of  air  towards  a  jet  of  escaping  hi^h- 
pressure  steam,  Mr.  Golosworthy  Gamey  has  |)atented  the  application 
of  this  principle  in  his  ventilating  steam  jet,  which  he  has  already  suc- 
cessfully applied ;  in  one  case  especially,  where  a  coal  mine  had  been  on 
fire  for  several  years,  and  the  whole  working  of  the  coal-measures  in  the 
pit  was  jeopardized  by  the  spreading  of  the  combustion  to  new  workings ; 
the  fire  was  first  extinguished  by  carbonic  acid  gas,  pulled,  as  it  were, 
into  the  coal-mine  hj  a  jet  of  steam  blowing  into  the  dawneati,  but 
placed  in  connexion  with  a  furnace  of  burning  coke ;  and  the  circulation 
of  the  carbonic  acid,  called  choke-damp,  through  the  pit  workings,  was 
further  assisted  by  a  jet  of  high-pressure  steam  blowing  upwards,  and 
placed  over  the  mouth  of  the  upcast  shaft. 

The  experiment  succeeded  perfectly  at  the  South  Sauchie  Colliery, 
near  Alloa,  about  seven  miles  from  Stirling,  where  a  fire  had  raged  for 
about  thirty  vears  over  an  area  of  twenty-six  acres  in  the  waste  seam 
of  coal  nine  teet  thick. 

For  the  ^neral  purpose  of  ventilating  the  coalmine,  Mr.  Gumey's 
plan  was  tried  at  the  Ebbw  Yale  Colliery,  and  very  economically,  the 
waste  steam  alone  beinff  used.  Fxperiments  have  also  been  satisfac- 
torily made  with  it  for  blowing^  a  cupola  for  smelting  iron,  and  with  diy 
steam — t.^.,  steam  of  a  very  high  pressure — escaping  through  a  warm 
tube,  the  results  were  perfectly  successful. 

With  this  digression  from  the  subject  of  latent  heat  derived  frotn 
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the  oompression  of  air,  we  retiim  again  to  the  subject  with  another  a 
in  point,  fornished  by  the  Fountain  of  Hiero,  as  it  la  called,  at  Schonnits, 
in  Hungary,  descrilJed  by  Professor  Brande ;  and  it  may  be  obserred 
that  all  the  phenomena  related  would  apply  to  the  great  pressure  of  the 
water  from  the  water-towers  at  the  Crystal  Paliu^  if  fitted  with  a 
similar  air-ycssel. 

"A  part  of  the  machinery  for  working  these  mines  is  a  perpeodiciilar 
column  of  water  260  feet  high  (the  Crystal  Palace  wato-'towen  are 
each  284  feet  high),  which  presses  upon  a  quantity  of  air  endoaed  in  a 
tight  reservoir;  the  air  is  con8e<][uently  condensed  to  an  enormous 
d^ree  by  this  height  of  water,  which  is  equal  to  between  eight  and 
nine  atmospheres ;  and  when  a  pipe  communicating  with  this  reserruir 
of  condensed  air  is  suddenly  opened,  it  rushes  out  with  extreme  Telooty, 
instantly  expands,  and  in  so  doing  it  absorbs  so  mudi  heat  as  to  pna- 
pitate  tne  moisture  it  contains  in  a  shower  of  snow,  which  may  readily 
be  gathered  on  a  hat  held  in  the  blast.  The  force  of  this  is  so  great, 
that  the  workman  who  holds  the  hat  is  obliged  to  lean  his  back  against 
the  wall  to  retain  it  in  its  position." 

The  best  examples  of  latent  heat  are  furnished  by  ice,  water,  and 
steam,  and  we  are  mdebted  chiefly  to  Dr.  Black  for  the  elegant  and  con- 
clusive experiments  demonstratinff  the  important  truths  connected  wifli 
the  latent  heat  of  these  three  conditions  of  matto-.  Whenvaiious  sdids 
are  heated,  they  frequently  pass  through  certain  intermediate  conditions 
of  softness,  terminating  m  perfect  liquidity;  but  ice  and  many  other 
bodies  change  at  once  to  the  liquid  stote  on  the  application  of  a  sufi- 
cient  quantity  of  heat.  The  process  of  melting  ice  is  very  slow,  becaanae 
every  portion  must  absorb  or  render  latent  a  certain  Quantity  of  heat 
before  it  can  take  the  liquid  state — Whence  the  difficulty  ot  melting  Uoda 
of  ice  when  they  are  surrounded  with  non-conducting  materius;  and 
this  fact  the  author  has  proposed  to  take  advantage  of  in  keeping  water 
cool  which  is  to  be  supplied  to  the  ova  of  salmon  whilst  taking  ^em  to 
stock  the  rivers  of  Australia. 

In  order  to  prove  that  heat  is  rendered  latent  by  the  liquefaction  of 
ice,  it  is  only  necessarv  to  weigh  a  pound  of  finely-powdered  ice  and  a 
pound  of  water  at  212°  Fahr.  {boiling  water),  and  mix  them  together ; 
when  the  ice  is  all  melted,  the  resulting  temperature  is  onlv  52°,  there- 
fore the  boiling  water  has  lost  160°  of  tempmture,  of  whidi  20^  can  be 
accounted  for,  because  the  resulting  temperature  of  the  melted  ice  is 
52*;  but  in  the  liquefaction  of  the  pound  of  ice,  140*  have  disappeared 
or  become  latent,  or,  as  Dr.  Black  termed  it,  have  become  eombiieL 

1  lb.  of  ice  at  32*  +  20*  =  62*,  the  resulting  temperature, 
lib.  of  water  at  212*-  52*  =  160*  -  20  =  14^,  rendered  latent 

140^represents  the  result  obtained  from  innumerable  experiments  made 
by  mixing  equal  parts  of  ice  and  boiling  water,  and  it  is  this  large  quan- 
tity of  latent  heat  reauired  by  ice  and  snow  that  prevents  their  sudden 
liquefaction,  and  the  oisastrQus  circumstances  that  would  arise  from  the 
floods  that  must  otherwise  always  be  produced. 


i 


To  put  the  fact  beyond  all  doubt,  it  is  advisable  to  mix  tt^ther  equal 
«eight«  of  wat«r  at  32*  and  boilmg  wtkter  at  213°,  sod  the  result  is 
round  bj  tbe  thennometer  to  be  the  mean  between  the  tiro,  because 
half  the  eitiemes  are  altraja  equal  to  the  uiean ;  and  if  tbe  two  tempera- 
turca  ate  added  together  and  diTided  bj  two,  Uk  result  is  a  temperature 
of  iaa°,  as  shown  belov:— 

lib.  of  ice  water  at  °3a+llb.  of  water  at  2ia''=244''^8=182°. 

From  similar  experiments  Dr.  Black  dedoced  the  important  truth, 
"  that  in  all  cases  ol  liquefaction  a  qnantit;  of  heat  sol  imdieaUd  by,  or 
tauiSle  to,  the  thermometer,  is  ataorbed  or  disappean,  and  that  this  beat 
is  teitltirate»  from  the  tiarowidiiig  bodiet,  leavuig  Uiem  eomparalwlf 
told.".  At  p.  79  it  is  shown  how  the  sudden  solutiou  or  lii^uefactiou  ot 
certain  salts  produces  cold,  and  hence  nomenins  freezing  imxtoree  have 
been  derised.  in  olden  times,  when  officials  in  anthorit;  did  vhat  thej 
pleased,  without  being  troubleil  with  disagreeable  returns,  and  colonels 
clothed  their  men,  ana  were  merchant  tauors  ou  the  nand  scale,  ran 
cartridges  were  not  confined  to  practice  on  the  enemv,  but  the;  did  dutj 
frequeatlj  in  tbe  absence  of  ice  as  refrigerators  of  the  officers'  wine,  in 
consequence  of  tbe  gunpowder  containing  nitre  or  saltpetre ;  as  a  mere 
solatioD  of  this  salt  finelv  powdered  will  lower  the  temperature  of  water 
from  50°  Fah.  to  35° ;  whilst  a  mixture  of  four  ounces  of  carbonate  of 
soda  and  four  ounces  of  nitrate  of  ammonia  dissolved  in  four  ounces  of 
water  at  60°,  will  in  three  hours  freeze  ten  ounces  of  water  in  a  metalUo 
vessel  immersed  ia  the  mixture  during  the  liquefaction  or  solutiou  of 
the  salts. 

Fabrenheit  imwiued  he  had  attained  the  Wrat  possible  temperature 
b;  mixing  ice  ana  salt  together,  and  it  is  hj  this  means  that  confectioners 
nanall;  freeze  their  ices,  or  ice  puddings ;  the  materials  are  first  incor- 
porated, and  being  placed  in  metallic  vessels  or  moulds,  and  surrounded 
with  ice  and  salt  placed  in  alternate  lajers,  and  then  well  stirred  with  a 
stick,  tiftj  soon  soUdifj  into  the  forms  which  are  so  wreeablc,  and  so 
freqaeutlf  rnvsented  at  the  tables  of  the  opulent  Tne  temperature 
obtained  is  Fahrenheit's  lerc — vii.,  thirtj-two  degrees  ieloie  the  frceang 
point  of  water.  According  to  the  verj  wise  pouce  regulation  obaerrcd 
m  London,  all  househoiders  are  required  to  sweep  or  remove  the  snow 
from  the  pavement  in  front  of  their  houses,  and  this  is  freqnentlj  done 
with  salt ;  should  an  unfortunate  shoeless  be^ai,  tramp  past  whilst  the 
sudden  Itqnefaction  Is  in  progress,  the  effect  on  the  soles  of  his  feet  is 
evidentlj  very  disagreeable,  and  the  raoiditj  with  which  he  retires 
from  the  lero  affords  a  thermometrio  illustration  of  the  must  llielj 
description. 

ffaU  tit  Cmue  of  Fapowr. 

Everf  liquid,  when  of  the  same  degree  of  chemical  puritv,  uui  aader 
equal  oarcnmslances  of  atmospheric  pressure,  has  one  peculiar  point  ot 
temperature  at  which  it  invariably  boils.  Thus,  ether  boils  at  <Ji>°  Fahr,, 
■nd  if  Nine  of  this  highly  inHammable  liquid  is  placed  carefully  in  a 
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flask,  bj  pooling  it  in  with  a  funnel,  and  flame  applied  witiiin  one  inch 
of  the  onfioe,  no  vapour  escapes  that  will  take  fire ;  but  if  the  flane  oi 

a  spirit  lanrp  is  applied,  the 
ether  soon  ooiIb,  ami  if  tha 
lighted  taper  is  anin 
brought  near  the  sootn  of 
the  flask,  the  vapour  takes 
fire,  and  produces  a  flame 
of  about  two  feet  in  kpgth. 
This  fire  only  oontianes  as 
long  as  the  flame  of  the 
«[)irit-lamp  is  retained  at 
tne  bottom  of  the  flaak,  and 
on  removing  it  the  vesad 
rapidly  coou.  The  length 
of  the  flame  is  reduced,  and 


18    graduallj 

for  toe  want  of  that 

.         m  of  its  vitality,  as  it 

h       \  vis.,  heat.    (1^.435.}    If 

jJ^^  ■  \  '  a  thermometer  is  introaaeed 

^^BL    \  f  jg  into  the  flask,  however  r^ad 

^^^^  may  be  the   ebuUition  or 

Fig.  436.  HeatthecaHii^ofTiponr.  boiling  of  the  ether,  it  k 

found  to  be  mvanabtv  afc 
96*.  The  heat  carried  off  by  evaporation  is  most  elegantly  disphyed  br 
placing  a  little  water  in  a  watch  glass,  and  sunrnusded  bydiaiooal 
saturated  with  sulphuric  acid,  in  the  vacuum  of  an  air-pump.  The  npid 
evaporation  and  condensation  of  the  water  by  its  imnity  for  the  sul- 
phuric quickly  produces  ice ;  and  the  pumps  and  other  appantns  of 
Knight  and  Co.,  Foster-lane,  City,  are  greatly  to  be  recommended  for 
this  and  other  illustrations. 

The  illustration  of  the  determination  of  the  fixed  and  invariable 
boiling  point  belonging  to  every  liquid  is  further  canied  out  bv  intro- 
ducing some  water  into  a  second  flask  standing  above  a  liffhted  apotit^ 
lamp,  with  a  small  thermometer,  graduated,  of  course,  properly  to  dmces 
above  the  boiling  point  of.  water;  when  the  water  bous,  it  will  be  found 
to  remain  steadily  at  a  temperature  of  212^.  And  however  rapidly  the 
water  may  be  boiled,  provided  there  is  ample  room  for  the  steaia  to 
escape,  the  heat  indicated  bv  the  thermometer  is  like  the  law  of  the 
Medes  and  Persians,  which  alteieth  not,  and  it  remains  standing  at  the 
number  21 2°.  The  onlv  exception  (if  it  may  be  so  termed)  to  Una  lav 
is  brought  about  by  tne  shape  and  nature  of  the  containing  vessel; 
under  a  mean  pressure  the  boiling  point  of  water  in  a  metallic  vessel  is 
^nerally  212°;  in  a  glass  vessel  it  may  rise  as  high  as  214°  or  316°,  but 
if  some  metallic  filings  are  dropped  in,  the  escape  of  steam  is  increased, 
and  the  temperature  ma^r  then  orop  immediately  to  212°. 

When  a  tnermometer  is  inserted  in  a  flask  oontaiuing  water  in  a  state 
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of  ebollition  or  boiliiig,  bo  thtt  the  btilb  does  not  tonoh  the  fluid,  bnt  ia 
whollj  snTTOimded  with  steam,  it  will  be  found  that  the  temperatim)  ol 
the  Iftttcr  IB  eiaotlj  the  some  m  that  of  the  former :  and  if  the  liqnid 
boils  at  96°,  the  vapour  will  be  96°,  if  at  21S°,  Uia  steam  is  3l9<>. 
Steam  has  therefore  eiactlj  the  same 
temperatuie  as  the  boiling  water 
th^rodaoes  it.  (Fig.  436.) 

Wliilst  performing  the  lut  eipe- 
rimen^  it  nav  be  noticed  that  tbt 
■team  inside  uie  neck  of  the  Bask  is 
inniible,  sod  that  it  onl;  becomes 
apparent  in  that  kiad  of  intermediate 
coniUtion  between  the  vaporous  and 
Uqoid  state  caUed  eeiictifar  vapour — 
a  state  corresponding  witn  the  "earth 
fog,"  and  called  oy  Howard  the 
lirotiu.  When  a  oask  containing 
boilii^  water  h  placed  nnder  the 
receiver  of  an  air  pump  (as  soon  after 
the  ebuUitiou  hu  ceased  as  ma;  be 
possible),  and  the  ur  pumped  ont,  it 
will  be  noticed  that  the  water  again 
begins  bculing  aa  the  vacaam  is  ob- 
tainedfShowing  that  the  boilii^  point 
of  the  sMDC  uoid  varies  under  dif- 
ferent dc^jrees  of  atmospheric  prea- 
sure,  and  according  to  the  heigtit  of 
the  barometer. 

Height  of  BdlincKrlDl 
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Alcohol  and  ether  confined  under  an  exhausted  receiver  bMl  viotentlv 
at  ths  (vdioarj  temperature  of  the  atmosphere,  and  in  general  liquids 
boil  with  lil°  less  of  heat  than  are  required  ouder  a  mean  pressure  of 
tlwairj  water,  therefore,  in  a  vacuum  must  boil  at  SS'and  alcohol  at  40°, 

On  ascending  considerable  heights,  as  to  the  tops  of  mountains,  the 
boiling  point  of  water  gradoallT  falk  in  the  scale  of  the  tbcrmometer. 
Thus,  on  the  summit  of  Uont  Blanc  water  was  found  bj  Sanssure  to 
boil  at  187'  Fahr.  In  Mr.  Albert  Smith's  delightful  narrative  of  hia 
aseenl  of  Mont  Blano,  he  mentions  the  violent  commotion  and  escape  of 
the  whole  of  the  champagne  in  (roth  directly  the  bottle  was  openM  at 
the  sommit  of  this  king  of  mountains. 

Dr.  Wullastda'a  icstmment  for  meftsoring  the  heights  of  mountains 
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bj  the  TBriataons  of  the  bofliiig  point  of  witer  has  kmg  been  knovn  dai 
lued  for  this  pnipoee. 

If  a  Fbrenoeniak  is  first  fitted  with  a  nice  soft  oork,  and  tiiis  ]atterre- 
niored,and  the  former  half  filled  with  water,  which  is  then  boiled  orer  a  gas 
or  spirit  flame,  the  same  fact  already  mentioned  and  ilinstrated  in  the  pre- 
oedinff  table  mar  be  rendered  apparent  when  the  flask  is  corked  ana  re- 
movea  from  the  heat.  If  it  is  now  inverted,  and  cold  water  poured  over  it, 
an  ebullition  immediatelT  commences,  beoMise  the  cold  water  condenses 
the  steam  in  the  space  aboye  the  hot  water  in  the  flask,  and  prodacmg 

a  Tacuum,  the  water  boils  as 
readilT  as  it  would  do  under 
an  eznansted  receiver  on  an 
air-pump  plate.  (Kg.  437.) 

Water  mar  be  heated  eon- 
siderably  higher  than  813^,  if 
it  is  enclosed  in  a  strong 
boiler,  and  shut  off  from 
communication  with  the  air; 
by  this  means  steam  of  great 
pressure  is  obtained. 

Dr.  Marcet  has  invented  a 
▼ery  instructive  form  of  a 
miniature  boiler,  supplied  with 
a  thermometer  and  lianNnetiie 
pressure  gauge,  which  can  be 
purdiased  at  any  of  the  in- 
strument makers,  and  is 
figured  and  described  m 
nearly  every  work  on  die- 
mistr^. 

The  reason  water  boiled  in 
an  open  vessel  does  not  rise 
to  a  nigher  temperature  than 
812^  is  because  all  the  excess  of  heat  is  carried  off  by  the  steam,  and 
IB  said  to  be  rendered  latent  in  the  vapour.  The  fixation  of  calorie 
in  water  by  its  conversion  into  steam  mav  be  shown  by  the  following 
experiment.  Let  a  pound  of  water  at  818^  and  eight  pounds  of  iron 
fibngs  at  300^  be  suddenly  mixed  together.  A  large  quantity  of  stoun 
is  instantly  generated,  but  the  temperature  of  the  water  and  fawmping 
steam  are  still  only  818^;  hence  the  steam  must  therefore  contain  all 
the  degrees  of  heat  between  812<'  and  300^,  or  eight  times  88.  When 
the  water  is  heated  in  the  hydro-electric  machine  or  other  boiler,  to 
888T,  it  yery  quickly  drops  to  818^  when  the  steam  is  allowed  to  blow 
off;  yet  if  the  latter  is  colleoted,  it  represents  but  a  yery  small  quantity 
of  water  which  constituted  the  steam,  and  it  has  carried  off  and  ren- 
dered latent  the  excess  of  heat  in  the  boiler — vis.,  the  difibrenoe  be- 
tween 818**  and  388T,  or  HOT* 
If  steam  can  cany  off  heat,  of  course  it  maybe  compelled*  as  it  men. 


V]g.  437.    The  paradoxical  experiment  of  water 
boiliDg  bj  foe  appUoatton  of  eoU  water. 
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to  niTreiider  it  Sfain ;  nnd  this  important  elcmentu;  tnitli  is  suiwn  bj 
adipting  a  tube.  Dent  at  riffht  angles,  and  a  cork,  to  a  flask  containing 
a  few  ouncea  of  water,  and  when  it  boib,  the  et«am  issuing  from  the 
end  of  the  pipe  may  now  be  directed  into  and  below  the  surface  of  some 
valer  ecntained  in  a  beaker  glass ;  in  a  ver;  abort  time  the  water  in  the 
latter  will  be  raised  to  the  boiling 
point  bj  the  condensation  of  the 
■team  and  the  latent  heat  arising 
from  it.  fFig.  438.)  The  amount 
of  latent  heat  is  enomtous,  when 
it  is  remembered  that  w^r  bj 
conversion  into  steam  has  its  bulk 
prodigiouslj  enlarged — viz.,  1698 
times,  so  that  a  cubic  iuci  oF 
water  converted  into  steam  of  a 
temperature  ot  212*,  with  the  ba- 
rometer at  thirt;  inches,  occupies 
a  space  of  dim  cubie/oot,  and  its 
Intent  heat  amounts,  according  to 
Hall,  to  950';  Soiitberon,  945°; 
Dr.  Dre,  96r.  When  we  coma 
to  the  consideration  of  the  steam- 
engine,  it  will  be  noticed  that  the 
question  of  the  latent  heat  of 
steam  is  one  of  the  greatest  im- 

TMDHntsnor 


The  same  weu;ht  of  steam  oontains,  whaterer  niaj  be  its  density,  tbiB 
same  quantity  of  caloric,  its  latent  heat  being  incre^ed  in  proportion  u 
its  sensible  heat  is  diminished;  and  the  rcTerse.  In  consequence  oftho 
enormous  amount  of  latent  heat  contained  in  steam,  it  is  adrantageouslj 
employed  for  the  purpose  of  imparting  warmth  either  for  heating  rooms 
or  drying  goods  in  certain  manufacturing  processes.  The  wet  lag-pnlp 
pressed  and  shaken  into  form  on  a  wire-g^auze  frame  or  d»ekU,  passes 
gradually  to  flinders  containing  steam,  and  is  thoroughly  dried  before  tbe 
Knillotine  kuile  descends  at  the  end  of  the  paper  macnine,  and  cuts  it  into 
lengths.  In  calico  stifTcDing  and  glazing,  also  in  calico  printing,  stsam- 
hcated  crlinders  are  of  great  ralue,  because  they  impart  neat  without  tbe 
chance  ot  setting  the  goods  on  fire.  The  elementary  princinles  already  de- 
scribed with  irference  to  heat,  will  prepare  the  youthful  reader  for  the 
application  of  tlie  expansion  of  water  into  steam,  as  the  most  Taluable 
mmvtpoictT  CTer  employed  to  assist  the  labour  of  man. 


478  boy's  plavbook  or  scikkce. 


CHATTER  XXEC. 


TOE  BTEUI. 

'  So  ihilt  tboa  iniUal  revfa  Uw  nalm  udga'd 
In  HDDdnnu  ihlpi,  f^f-mt^t,  ioMaii^Slt  aiai. 

ThoD^  cldndi  Hid  dirkDHt  Tell  tlw  mcoiDbBnd  iky. 
FojIoh,  ibroagh  (UrkaaM  tai  Ilmnfli  eland*  Ifaci  11^, 
Tho'  UmpeaU  no*,— Ibo*  rolU  tlM  nMUinc  nail. 
The  Hu  IDA;  rolL  thfl  tanpBiti  iireU  in  TSn  ^ 
E'en  Ui*  lUnt  pjj  (hit  g'D  tha  nm  pfHtdei, 
Baft  H  IhiT  pui,  nd  nft  inwii  Ou  tklta. 
With  ftnj  bunu ;  whlJe  ardna  Uhj  smnT, 
PrDioLicuaui,  flT'rj  fiutt  to  ar'Tj  b^." 

Tbesx  tines,  from  Pope's  translation  of  the  "OdjB*ey,"  were  «[t 
~  '.J  qnoted  tirentT-five  Tears  tnxi  \n  Hr.  H.  A.  Aldenon,  in  loi  tnatM 
*3  itwm-engi^  f'     -^  •  ■     ■   ' -•■  *^ 


■ptl?  qnn 
OB  ue  I 


1  he  receivei  from  Dr.  Birkbe^,  tk 
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oiigmfttor  of  Mecbanics'  Institatioiu,  the  priie  of  SO/.,  being  the  gilt  of 
the  Loudon  Meidiaiiics'  Inatitation,  and  Uie»e  lines  Mem  to  uuicatc 
(ome  sort  of  rade  anticipation  bj  the  anoients  of  that  free  paaufie  of 
tlie  ocean  b;  the  ageocj  of  Hteam  which  has  rendered  ships  aunoat 
independent  of  wind  and  weather. 

Homer's  description,  as  above,  of  the  Fluenieian  fleet  of  King  AlciDOos, 
m  the  eighth  kook  of  the  "  Odjssej,"  is  oertaint;  an  andent  record  of 
an  idea,  but  nothing  more.  In  a  work  written  bf  Hero  of  Alexandria, 
aboat  B  handred  jears  B.C.,  and  entitled  "  Spiritaha  sea  Fneomatica."  a 
nnmber  oFoontriiances  are  mentioned 
for  raising  liquids  and  prodncing  mo- 
tion bj  means  irf  air  and  steam,  so 
that  the  first  steam-engine  is  usually 
ascribed  to  Bero;  uia  the  annexed 
cot  displays  the  apparatus.  (Fig. 
410.) 

It  is  a  remarkable  dreumstance 
that  Sir  Isaac  Newton  applied  the 
same  principle  in  a  little  ball,  mounted 
on  wheels,  containing  boiling  water, 
Had  provided  with  a  small  orifice ; 
and  in  his  description  he  ssjs :  "  And 
if  the  boll  he  opened,  the  vapoors  will 
nuh  out  TiolrattlT  one  way,  and  the 
wheels  and  the  ball  at  the  same  time 
will  be  carried  the  contrary  way." 
Fram  the  time  of  Hero,  there  does 
not  appear  to  be  any  record  or  men- 
tion mode  of  steam  apparatus  till  the 
year  IDOS,  when,  in  a  work   called 

"  Malmesbuij'a  History,"  mention  ia      rig.«. „ ..  ._ 

made  of  an  organ  in  which  the  sounds   bailer  in  wbleh  itom  !■  pruiiind,  uci 

(query,  steam)  by  means  of  heated  thstwo  ipgrtam,  s  o.  The  imoUod  of 
water.  It  is  strange  that,  in  these  "■?  .•''  ™  "j'  T^r  ?•««=  prod^B  ■ 
days  of  steam  JJcatio^;  the  Cal-  S^^tT.IS^hol'S'aS^  °  "^  ""^ 
Hope,  or  Bteam  organ,  was  not  long 

since  an  important  feature  at  the  Crystal  Palace,  Sydenham ;  and  it 
only  shows  Eoir  the  same  ideas  are  reproduced  as  novelties  in  the  ever- 
teourring  oyoles  oF  years. 

On  the  revival  of  classical  learning  thraughout  Gothic  Europe,  the 
work  of  Hero  began  to  atlraot  attention,  and  it  was  translated  and  printed 
in  black  letter,  and  most  likely  Brst  from  the  Arabic  character,  as  in  the 
year  1513  the  first  fruits  appeared  in  Spain,  where  Blasco  de  Oaray,  a 
sea  captain,  propelled  a  ship  of  SOO  tons  burden,  at  the  rate  of  three 
miles  per  hour,  before  certain  commissioners  appointed  by  the  Emperor 
Charles  the  Fifth.  Alas  for  inquisitorial  Spain!  had  she  looked  deeper 
into  the  matter,  and  performed  uer  nto-da-fiet  on  the  boilen  of  steam- 
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engines  insteMl  of  tiie  bodies  ofpoor  human  bemn,  wlnt  liBtiug  ^ooei 
would  hftye  been  her  lewvd.  The  inTenti<XL  made  its  dSbmi  in  SpaiB. 
the  oomnuasionen  reported,  the  worth  j  ixnrentor  was  rewarded,  bat  the 
mightj  giant  inToked  was  cut  to  sleep  again  for  at  least  \SO  Tean^ 
The  steun  g|iant  was  distomd  with  areams;  one  Mathiaas  in  1562, 

Sive  him  a  nightmare ;  Solomon  de  Cons,  in  1624^  nesrlj  woke  bim  ap ; 
iovanni  Bianca,  in  1629,  did  more ;  and  the  Marquis  of  Worcester,  a 
the  middle  of  the  seventeenth  centoij,  as  the  eril  genios  of  ^ain, 
carried  off  the  giant  bodily  and  made  him  the  sbve  of  England;  at  ka^  he 
experimented,  and  wrote  snch  wondrons  tales  of  his  new  motiTe  power, 
that  in  1653  we  read  of  steam  being  fairiy  tethered  to  its  work,  and  set 
to  draw  water  out  of  the  Thames  at  Yanzhall;  and  Cosmo  de  Medid. 
a  foreigner  who  inspected  the  apparatus  in  1653,  sajs,  ''It raises  w^er 
more  tnan  forty  geometrical  feet  by  the  power  of  one  man  only,  and  in  a 
very  short  space  of  time  will  draw  up  lull  yessels  of  water  tiirongfa  a 
tube  or  chumel  not  more  than  a  span  in  width,  on  whidh  aoooont  it  is 
considered  to  be  of  greater  service  to  the  public  than  the  other  machiae 
near  Somerset  House,  which  last  one  was  driven  by  Uoo  konaJ* 

What  would  these  worthy  gentlemen  think  could  they  peep  into  tk 
present  day,  and  find  that  every  trade  and  manufacture  depends  imoa 
the  power  of  steam  to  put  in  motion  machines  which  seem  possessed  of 
actual  inteiligenoe,  so  perfect  is  their  work.  And  that»  by  the  saae 
agency,  huge  ships  cross  the  seas  in  every  latitude. 

The  first  really  useful  steam-engine  was  made,  not  by  a  plain  Mr., 
but  again  by  a  captain — ^namely,  Captain  Savery,  who  appears  to  bave 
been  the  first  inventor  who  thoroughly  understood  ana  applied  the 
vacuum  principle.    (Fig.  441.) 


▲  A.  The  ftumoM  which  contain  the  bdler.  a  1  and  a  2.  1%a  two  SreplMaL  c.  T^ 
ftmnd  or  chimnej,  which  ii  common  to  both  tanMon.  In  fhaM  two  fhrnacM  we  ^md 
two  TCMeli  of  copper,  which  I  (Sarery)  call  bollm— 4he  one  lam  aa  at  i^  tlw  olihcr  md 
aa  D.  n.  The  amaU  boiler  contained  in  the  ftimac^  which  it  neated  by  the  Sire  ats  2. 
B.  The  pipe  and  cock  to  admit  cold  water  into  the  imall  boiler  to  flU  it.  r.  Tlia  MRvthal 
eoTen  and  cooflnea  the  oook  b  to  the  top  of  the  email  boiler,  o.  A  amall  gaqs*  eeek  it 
the  tc»  of  a  pipe^  going  within  eight  incnea  of  the  bottom  of  thtf  email  boiler,  m.  ▲  lacge 
ipe  which  goee  the  eame  droth  into  the  email  boiler,    l  A  dack  or  Tahre  aS  the  top  cf 


pipe  which  goee  the  ean  

the  {ripe  H  (opening  npwarda).    x.  A  nlpe  going  fh>m  the  box  above  the  eaid 

valTc  m  the  graat  bmler,  and  paaeing  about  one  inch  into  it   n.  The  great  bailer 

t^ned  in  the  other  fhniace,  which  is  neated  by  fire  at  b  L    x.  The  acrew  with  the  ren- 
tator,  which  ii  mored  by  the  handle  i,  and  opena  or  ehnta  the  apeiUuw  aft  wUdi  oe 


iteam  paaaea  out  of  the  great  boiler  at  the  ateam-pipei  o  o.   v.  A  email  gaage  eoak  at  the 

top  of  a  plpe^  which  goee  half  way  down  into  the  great  boiler,   o  1,  o  lb  Staaia  p^ae,  ooa 

end  of  each  Mre  wed  to  the  regolator  I  the  other  ends  to  the  recelTen  r  ».  to  eoBv^  the  < 

Unhb  the  great  boiler  into  (hoee  receiTera.    r  1, »  S.  Copper  Teaeeia  eaUed  reoc' 

are  to  reeeiTe  the  water  which  it  to  be  raiaed.   q.  Screw  Jcinte  by  which  the 

the  water-plpee  axe  connected  with  the  lower  parte  of  the  receiTerB.  Bl,l^a^i 

or  dacka  of  imas  in  the  water^pipea,  two  above  the  brandiee  q  and  two  r 

allow  the  water  to  paae  upwarda  through  the  plpee»  bat  prevent  ifti  ~ 

Bcrew>plugs  to  take  out  on  oooaaioo8  to  Mt  at  the  vahee  b.    a.  The  Ii 

con v^  tM  tester  npwarda  to  ita  place  of  aellverr,  when  it  is  fbraed  oat  Item  i 

by  the  impdled  steam,    v.  The  suf^ng^plpe^  whum  convegre  the  water  op  tnm.  tlM 

of  the  pit  to  till  the  receivers  by  anetion.    t.  A  aqoare  (kame  of  woofer  a  bas»  vrttii  ] 

roand  Ite  bottom  in  the  water,  to  enclose  Uie  lower  end  of  the  sodrng^B^  lohMp  aiwi? 

dirt  and  obetmctiona.    x  is  a  dstem  with  a  bong  cock  coming  from  the  Araa-plB^aaaa  it 

shall  alwan  be  kept  flQed  with  cold  water,  t  t.  A  cod  and  pipe  eoiBinff  ttook  the  twrtow 

ofthesaideistBiLwithaBpoattolettheodldrandownontheoataideorcitbcr  ofttwrv^ 

«eivera»FP.    s.  The  handle  of  the  regulator  to  more  it  by,  either  open  or  siivt,  ao  as  to  let 

the  eteam  ont  of  the  great  boiler  into  dther  ofthevecdvtn 
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This  is  Sayery's  own  description  (taken  from  the  "  Miner's  FrieBd," 
printed  in  1702),  of  his  water-engine,  which  differs  from  that  suggested 
Dj  the  Marquis  of  Worcester,  in  the  fact  that  he  made  the  prmare  tfik 
air  cany  the  water  up  the  first  staee.  Saveiy's  patent  was  "for  nusing 
water  and  occasioning  motion  to  aU  sorts  of  mill-woriL  by  the  impeDiBt 
force  of  fire ;"  and  the  patent  was  granted  in  the  rdgn  ot  King 
William  the  Third  of  glorious  memory. 

Thus  Saverr  overcame,  as  he  remarks,  the  *' oddest  and  abort 
insuperable  difficulties,"  and  introduced  a  steam  apparatus  or  engine^  a 
Bood  many  of  which  were  constructed,  and  employed  for  raiaiog  wikr. 
The  mechanical  skill  rej^uired  to  construct  the  boiler,  the  rery  ieari  (as 
it  were)  of  the  iron  engine,  had  not  been  acquired  in  the  time  of  Captui 
Savery,  and  hence  the  weakness  of  the  boilers,  and  the  danger  of  wondsg 
them.  As  the  pressure  required  was  very  considerable  to  OTeroome  the 
resistance  of  a  lofty  column  of  water,  these  en^es  were  gradoallj 
relinquished  for  those  of  another  clever  mechanician — yiz^  for  those  of 
Thomas  Newoomen,  an  ironmonger  of  Dartmouth,  who,  about  the  jeir 
1705,  constructed  and  introduced  the  cylinder,  from  which  the  tmnitioii 
was  gradually  made  to  the  mod&  of  condensing  by  a  jet  of  cold  water, 
the  use  of  self-acting  valves,  and  the  construction  of  adf-aetiog 
engines  by  Smeaton,  Homblower,  and  finally  by  the  illustrious  Watt, 
whose  portrait  heads  the  first  chapter  on  Heat  in  this  book. 

Newcomen  was  assisted  in  his  work  by  one  Cawley,  a  glaser;  id 
their  persevering  labours  were  crowned  with  a  successful  result  d  tk 
most  memorable  importance  in  the  history  of  the  steam-engine. 

In  the  engine  by  Savety,  the  operation  of  the  steam  was  twofold— 
namely,  by  toe  direct  pressure  from  its  elasticity,  and  by  the  indirect 
consequence  of  its  condensation,  which  affords  a  vacuum.  This  last 
may  be  said  to  be  the  only  principle  used  by  Newcomen,  who  employed 
a  boiler  for  the  generation  of  steam,  and  conveyed  it  bv  a  pipe  to  the 
bottom  of  a  hoUow  cylinder,  0[>en  at  the  top,  but  provided  with  a  solid 
piston,  that  moved  up  and  down  in  it,  and  was  rendered  tight  by  a  staffing 
of  hemp,  like  the  piston  of  a  boy's  common  squirt.  !U  can  readily  be 
understood,  that  if  the  jet  of  the  latter  was  connected  with  a  tight  bttk 
boiler,  and  steam  blown  into  it,  that  the  piston  of  the  squirt  would  tise 
to  the  top  of  the  barrel  in  which  it  works,  being  thrust  up  hytlie 
pressure  or  force  of  the  steam ;  but  unless  the  steam  was  cut  o1!^  and 
cold  water  applied  to  the  interior  of  the  barrel,  the  piston  could  not 
descend  again.  As  soon,  therefore,  as  Newcomen  had  thrust  up  the 
piston  by  the  action  of  steam,  he  introduced  a  jet  of  cold  water,  sup- 
plied from  an  elevated  cistern  beneath  the  piston,  when  the  steam  vaa 
condensed  into  water,  and  a  vacuum  or  void  space  obtained.  The  piston 
being  free  to  move  either  up  or  down,  was  now  forced  in  the  latter 
direction  by  the  pressure  of  the  air,  which  is  a  constant  force  equal  to 
fifteen  pounds  on  the  square  inch ;  and  thus  the  piston  in  Newoomen'a 
engine  was  raised  by  kesU — ^viz.,  by  steam,  and  thrust  down  by  ^o^^ 
i.e.,  by  the  condensation  of  the  steam  producing  a  vacuum.  The  void 
obtained  m  this  manner  was  very  considerable,  because  one  cabioy^  of 
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Bteam  at  212°  condenses  into  one  cubic  inch  of  water.  The  production 
of  a  vacuum  with  the  aid  of  steam  b  quickly  effected  b^  boiling  some 
water  in  a  clean  camphine  can,  and  when  the  steam  is  issumg  freely  from 
the  mouth  of  the  latter  it  is  then  corked,  and  cold  water  thrown  over  the 
exterior.  Directly  the  temperature  is  lowered,  the  steam  inside  the  tin 
Tcssel  is  condensed  suddenly  into  water,  and  a  void  space  being  suddenly 
obtained,  the  whole  pressure  of  a  column  of  air  of  a  breadth  equal  to 
the  area  of  the  yessel,  and  of  a  height  of  forty  miles,  is  brought  sud- 
denly down  like  a  sledge-hammer  upon  the  sides  of  the  tin  vessel,  and 
as  they  are  not  sufficiently  strong  to  offer  a  proper  resistance,  they  are 
crushed  in  like  an  egg-shell  by  the  giant  weight  which  falls  upon  them. 

The  barometer,  or  measurer  of  the  weight  of  the  air,  consists  of  a  glass 
tube  about  thirty-three  inches  in  length,  hermetically  sealed  at  one  end, 
and  containing  mercury  that  has  been  carefully  boiled  within  it,  and 
being  perfectly  filled  the  tube  is  inserted  in  a  cistern  of  dean  mercury, 
when  it  gravitates  to  a  height  equal  to  the  pressure  of  the  air,  leavinjg 
a  space  at  the  top  called  the  torricellian  vacuum.  As  the  atmospheric 
air  decreases  in  density  by  admixture  with  invisible  steam  or  vapour,  any 
given  volume  becomes  specifically  lighter :  hence  the  column  ot  mercury 
falls  to  a  height  of  about  twenty-eight  inches ;  whilst  if  the  aqueous 
vapour  diminishes,  the  weight  of  the  air  becomes  greater,  and  the  baro- 
meter may  rise  to  a  height  of  about  thirty-one  inches. 

Having  thus  secured  a  "reciprocating  motion,"  Newcomen  applied  it 

to  the  working  of  a  force-pump  hj  the  intervention  of  a  great  oeam  or 

lever  suspended  on  gudgeons  (an  iron  pin  on  which  a  wheel  or  shaft  of 

a  machine  turns)  at  the  middle,  and  suspended  like  the  beam  of  a  pair 

of  scales;  and,  in  fact,  he  invented  tnat  method  of  supporting  the 

beam  which  is  in  use  to  the  present  day.    Supposing  we  compare 

Newcomen's  beam  to  a  scale  beam,  he  attached  to  the  extremities 

(instead  of  scale  pans)  a  water  pump  and  his  steam  cylinder — ^the  latter 

beiag  at  one  end,  and  the  former  at  the  other.    The  beam  played  at 

"  see-saw :"  by  the  primary  action  of  the  steam  on  the  bottom  of  the 

piston  in  the  cylinder  it  was  pushed  up  at  this  end,  and  of  course 

suffered  an  equal  fall  at  the  other,  to  which  the  pump  piston  was 

attached ;  and  when  the  motion  was  reversed  by  the  condensation  of  the 

steam,  down  went  the  piston  again  by  the  pressure  of  the  air,  whilst 

that  of  the  water  pump  was  again  raised,  and  being  provided  vrith 

proper  valves,  the  water  was  pumped  slowly  out  of  the  mine,  although 

the  steam  power  used  was  very  moderate,  and  only  just  sufficient  to 

counterpoise  the  weight  of  the  atmosphere.    Newcomen  made  the  end 

attachea  to  the  water  pump  purposely  heavier  than  the  steam  piston  of 

the  other  end  of  the  beam,  and  by  this  means  the  work  of  the  steam, 

by  its  elasticity,  was  very  moderate,  whilst  the  actual  lift  of  the  water 

from  the  mine  was  performed  by  the  pressure  of  the  air,  equal  (as 

already  stated)  to  fifteen  pounds  on  every  square  inch  of  the  sunace  of 

the  steam  piston.    This  engine  is  called  the  annospheric  engine,  and  in 

the  next  cut  we  have  a  picture  taken  from  a  photojg;n^h  bv  the  "  Watt 

Club"  of  the  actual  modd  of  the  Newcomen  engine  m  tne  Hunterian 

ii2 
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Mmenm  of  the  TTuitetBitT  of  OUagor;  the  dimeasiona  being — leoct^ 
87m.;  bre)tdlh,18  in.;  height,  50iiii.i&oiiiiThich,  "in  176fi,yBaa;^ 


nc.  41!.   Kodal  of  tha  NenonMD  tocliie,  tD  irhicli  thg  flutuce  tod  boOa,  (he  itoaB 
ejUiida.  beuD,  ntu-imnivv  ua  almUd  cMun  sT  nter,  ui  if-pOTBt. 

in  iteking  to  repair  thtt  model,  belonging  to  the  Naturat  Fhiiosophj  Class 
in  the  UuTersit;  of  QIaagow,  made  lie  ditaxery  of  a  teparait  ftmdintu, 
which  bu  ideotified  his  nunc  with  that  of  the  st^m .engine."  (Kg.  MS.) 

In  Nevcomen's  engine,  the  opening  uid  shutting  of  the  cocks  t«- 
quired  the  Tigil&nt  caie  of  a  man  or  boy,  and  it  is  stated  on  goon 
aut.horitj  that  a  boj  who  preferred  (hke  nearlj  all  other  bojs)  ple^  to 
work,  contrired,  b;  mefmsof  strings,  a  brick,  and  one  or  two  catobea  <ta 
the  working  beam,  to  make  the  engine  aelf-adiog. 

This  poor  boy's  ingenions  contrirance  paved  the  mj  fw  llie  inpored 
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methods  of  opening  and  shatting  the  valves,  which  were  brought  to  a 
jDTeat  state  of  perfection  by  Beiffhton,  of  Newcastle,  about  1718. 
between  that  time  and  the  year  1763,  we  find  honourable  mention  made 
of  Smeaton  in  eonnexion  with  the  steam-engine,  but  the  name  of  the 
great  James  Watt  at  this  time  b^an  to  be  appreciated,  and  by  a  series 
of  wonderfully  simple  mechanisms,  he  at  last  perfected  the  machine 
whose  oriffin  could  be  traced  back  not  only  to  the  time  of  Blasco  de 
Gftfay,  in  1643,  but  even  to  the  days  of  the  ancient  mechanicians,  such 
as  Hero,  who  lived  130  B.C. 

In  1763,  James  Watt  was  a  maker  of  mathematical  instruments  in 
Glasgow,  and  his  attention  was  drawn  to  the  subject  of  the  steam- 
engine  by  his  undertaking  to  repair  a  working  model  of  Newcomen's 
8t«mi-engine,  which  was  used  by  Professor  Ajaderson,  who  then  filled 
the  Chair  of  Natural  Philosophy,  and  subsequently  founded  the  Ander- 
sonian  Institution.  The  repairs  reqpred  for  this  model  induced  Watt 
to  make  another,  and  bv  watching  its  operation,  he  discovered  that  a 
vast  quantity  of  heat,  ana  therefore  fuel,  was  wasted  in  the  constant  and 
successive  heating  and  cooling  of  the  steam  cylinder.  About  two  years 
after,  when  Watt  was  twenty-nine  years  of  age,  he  had  made  so  manj 
experiments,  that  he  was  enabled  to  put  into  a  mechanical  shape  his 
original  ideas,  which  are  embodied  in  his  patent  of  1769,  as  follows  :-^ 

"  My  method  of  lessening  the  consumption  of  steam,  and  consequently 
fuel,  in  fire-engines,  consists  of  the  (oWomng  principles  : 

"  First :  That  vessel  in  which  the  powers  of  steam  are  to  be  employed 
to  work  the  engine,  which  is  called  tne  cylinder  in  common  fire-engines, 
and  which  I  call  the  steam-vessel,  must,  during  the  whole  time  the 
engine  is  at  work,  be  kept  a»  hot  at  the  steam  that  enters  it — first,  by 
enclosing  it  in  a  case  of  wood  or  any  other  materials  that  transmit  heat 
slowly ;  secondly,  by  surroundiug  it  with  steam  or  other  heated  bodies ; 
and  thirdly,  by  suffering  neither  water  nor  any  other  substance  colder 
than  steam  to  enter  or  touch  it  during  that  time. 

**  Secondly :  In  engines  that  are  to  be  worked  wholly  or  partially  by 
condensation  of  steam,  the  steam  b  to  be  condensed  in  vessels  distinct 
from  the  steam-vessels  or  cylinders,  although  occasionally  communi- 
cating with  them ;  these  vesseU  I  csi\i  condensers;  and  whilst  the  engines 
are  working,  these  condensers  ought  at  least  to  be  kept  as  cold  as  the 
air  in  the  neighbourhood  of  the  engine,  by  application  of  water  or  other 
cold  bodies. 

"Thirdly :  Whatever- air  or  other  elastic  vapour  is  not  condensed  bj 
the  cold  of  the  condenser,  and  may  impede  the  working  of  the  engine,  is 
to  be  drawn  out  of  the  steam-vessels  or  condensers  by  means  of  pumps 
wrought  by  the  engines  themselves,  or  otherwise. 

"  fourtnly :  I  intend  in  many  cases  to  employ  the  expansive  force  of 
steam  to  press  on  the  pistons,  or  whatever  may  be  used  instead  of 
them,  in  the  same  manner  as  the  pressure  of  the  atmosphere  is  now 
employed  in  common  fire-engines.  In  cases  where  cold  water  cannot  be 
iiaa  in  plenty,  the  engines  may  be  wrought  by  this  force  of  steam  on^, 
by  discnargme  the  steam  into  the  open  air  after  it  has  done  its  office. 

*'  Lastly :  Instead  of  usmg  water  to  render  the  piston  or  other  paria 
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of  the  engines  air  and  steam-tight,  I  employ  oils,  wax,  resinoiis  bodies 
fat  of  animals,  quicksilver,  and  other  metals  in  their  floid  state. 

''And  the  said  James  Watt,  by  a  memorandum  added  to  the  said 
specification,  declared  that  he  did  not  intend  that  anything  in  the  fonrik 
article  should  be  understood  to  extend  to  any  engine  when  the  water  to 
be  raised  enters  the  steam-vessel  itself,  or  any  vessel  having  an  c^kd 
oonununication  with  it/' 

"About  the  time  he  obtained  his  patent.  Watt  commenced  the  con- 
struction of  his  first  real  engine,  the  cylinder  of  which  was^  eigbteea 
inches  in  diameter,  and  after  many  impediments  in  the  details  of  the 
work  he  succeeded  in  bringing  it  to  considerable  perfection.  The  had 
l>orinff  of  tiie  cylinder,  am  tne  difficulty  of  obtaining  a  substance  that 
would  keep  the  piston  tight  without  enormous  friction,  and  at  tiie  a 
time  resist  the  action  of  steam,  ^ve  him  the  most  trouble,  and  the 
ployment  of  a  piston  rod  movmg  through  a  stuffing-box  was  a  : 
feature  in  steam-engines  at  that  time,  and  requirea  great  nioetj  of 
workmanshio  to  make  it  effectual  While  Watt  was  contending  with 
these  difficulties,  Boebuck's  finances  became  disarranged,  and  in  1773 
he  disposed  of  his  interest  in  the  patent  to  Mr.  Boulton,  of  Soho. 
Ajb,  liowever,  a  considerable  part  of  the  term  of  fourteen  yeazs,  £or 
which  the  patent  was  granted,  nad  already  passed  away,  and  as  sevenl 
years  more  would  probably  elapse  before  the  improved  engines  ooold  be 
brought  into  operation,  it  was  judged  expedient  to  iM^ply  to  ParlisBMsit 
for  a  prolongation  of  the  term,  and  an  Act  was  oassea  m  1775  granting 
an  extension  of  twenty-five  jears  &om  that  oate,  in  oonsiderataoa  « 
the  great  merit  of  the  invention."  (Bourne's  *' Treatise  on  the  Steam- 
engine.") 

In  Eig.  443  (p.  487)  we  give  an  illustration  of  a  low-pressure  oon- 
densinff  engine  and  boUer  of  eight-horse  power,  constructea  on  tbe  prin- 
ciple of  Boulton  and  Watt,  as  the  latter  nad  fortunately  united  his  skiU, 
learning,  originality,  and  experience  with  Mr.  Boulton,  of  Soho,  near 
Birmingham,  whose  metal  manufactory  was  already  the  most  celebrated 
in  £ng:uiiid. 

During  the  explanation  of  this  eight  horse-power  engine,  the  oppor- 
tunity may  be  taken  to  discuss  occasionally  the  speciar  improvements 
effected  by  Watt.  The  steam-pipe  a  conveys  the  steam  generated  in 
the  boiler  b  to  the  slide-valve  c,  which  is  xept  dose  to  the  surface^ 
against  which  it  works  by  the  pressure  of  the  steam. 

Here  we  notice  some  of  the  valuable  improvements  of  Watt  in  the 
admission  of  steam  above  as  well  as  below  the  piston,  by  which  he 
increased  the  power  of  his  engine,  and  no  longer  confined  it  to  the  force 
of  the  atmospheric  pressure.  It  is  also  necessaxr  to  remark  the  beanti- 
fully  simple  mechanism  of  the  slide-valve,  by  which  steam  is  admitted 
alternately  above  and  below  the  piston.  Want  of  space  prevents  ns 
tracing  out  the  gradual  improvements  effected  by  Watt,  and  therefoie 
we  take  his  invention  as  it  stood  in  the  year  1780,  and  refer  oar  readers 
to  Bourne's  "Treatise  on  the  Steam-engine"  for  the  full  and  ""^-^-^ 
particulars  of  the  improvements  to  that  date. 
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Fig.  444.    <*  1  s  is  the  cylinder.  9,  The  pieton.  a.  The 
■team-pipe.    i.  The  relating  or  th  rottle  Talve.  «.  The 
eduction  and  eqoilibriam  sins 
flinctionfl 
holes, 

pan  awBj.  d,jf  g.  The  ednctfon-pl. 
paaaes  from  aboTe  the  piston  aiulng  everr  returning 
stroke  to  the  condenser,  a  perpetual  exha  ustionoeing  main- 
tained beneath  it."— I^m  Bouxirs  on  tht  Steam-Mgim*. 


At  that  time  it  oocaired 
to  Watt  that  the  eondoh 
9atum  of  the  steam  from 
the  ^limder  after  it  bid 
done  its  work,  mig^t  be 
made  more  perfect  if  t 
perfeiual  vaaam  vis 
mamtained  beneath  tiie 
piston,  while  an  altenute 
steam-pressure  and  ticu- 
am  were  produced  abore 
it.  (Fig.  4M.) 

Instead  of  obtaining  a 
specific  advantage  tbe 
contrary  occurred,  and 
Watt  was  obliged  in  this 
case  to  return  to  tbe 
ponderous  Neweomen 
counterweight  to  balance 
the  differenoe  in  the  n- 
cuum  above  and  bdov 
the  piston,  conseqaeatlT 
this  form  of  the  cyiindcr 
andvalyes  was  abandoned. 
The  juvenile  reader  vill 
perceive  in  the  aborc 
drawing  that  the  snnenor 
arrangement  of  Watfs 
cylinder  to  that  of  Ne^- 
oomen  arises  from  th^ 
steam  operating  abor 
and  below  the  piston 
and  that  the  piatoa 
rod  works  air-tight  in  a 
stuffing  bos  at  the  top  of 
the  cylinder.  A  moat  im 


as  a  motive  power  b» 
been  discovered  in  the 
mode  of  using  it  "expan 
sivcly,"  bv  which  the  steam,  at  a  pressure  sav  of  sixty  pounds  onth« 
square  inch,  is  admitted  below  the  piston,  and  tten  cut  on  and  allowed  to 
expand  and  drive  up  the  latter  without  the  expenditure  of  any  more 
fuel,  and  leaving,  after  lifting  the  piston  to  a  height  say  of  three  feet, 
an  average  or  mean  power  of  thirty  pounds  on  the  s()uare  inch. 

Betuminff  to  the  eight-horse  condensing  ennne,i>  is  the  steam^^lindflr 
surrounded  oy  a  case  to  prevent  the  steam  cooung  and  to  maintain  in  the 
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ojlinder  tlie  same,  or  nearly  the  same,  temperature  as  that  of  the  steam 
in  the  boiler,  according  to  the  condition  of  Art.  I.  of  Watt's  Patent^ 
quoted  at  p.  485  of  this 
Dook.  The  same  outer 
case  is  apparent  around  the 
cylinder  in  Fig.  444;  e,  the 
piston,  which,  by  stiffing 
with  hemp  or  other  proper 
material,  nts  the  interior  of 
the  cylinder  in  the  most 
accurate  maimer,  and  pre- 
vents the  escape  of  steam 
by  its  sides :  « is  the  piston 
rod  attached  to  the  parallel 
motion.  This  clocKwork- 
like  piece  of  mechanism  has 
often  been  quoted  as  one  of 
the  masterpieces  of  Watt, 
and  in  its  greatest  perfection 
is  called  the  complete  parallel 
motion,  and  may  be  found 
in  all  the  best  land  beam 
steam-engines.  The  object 
of  the  parallel  motion  is  to 
cause  tne  piston  and  pump 
rods  to  move  always  in 
straight  lines,  never  deviat- 
ing to  either  side.  (Eig.  445.) 

In  the  eight  horse-power  engine  shown  in  page  picture,  e  is  also 
attached  to  tne  piston  e,  whidi  moves  the  beam  r,  and  the  other  end 
of  this  beam,  by  the  connecting  rody,  gives  motion  to  the  heavy  fly  wheel 
o,  by  means  ofthe  crank  h. 

H  is  an  eccentric  circle  on  the  axle  of  the  fly  wheel  o,  it  gives  motion 
to  the  slide  valve,  which  admits  the  steam  alternately  above  and  below 
the  piston.  The  slide  valve  and  its  seat  are  contained  within  an  oblong 
box  or  case,  large  enough  to  permit  the  easy  motion  of  the  valve  within 
it,  and  usually  terming  an  enlargement  in  the  course  of  a  pipe. 

The  valve  rod  by  means  of  which  the  valve  is  opened  and  shut, 
passes  out  through  a  stufimg  box ;  or,  instead  of  such  a  rod,  a  valve 
of  moderate  size  often  has  a  nut  fixed  to  it,  within  which  works 
a  screw  on  the  end  of  an  axle  which  passes  out  through  a  bush,  and 
has  shoulders  within  and  without  to  prevent  it  from  moving  lon- 
gitudinally, and  a  square  on  the  outer  end  on  which  the  key  fits  that 
is  used  in  turning  it.  i  is  the  throttle  valve  inside  the  steam  pipe  and 
lever  connected  with  a  governor  for  regulating  the  admission  of  steam 
into  the  cylinder. 

Here,  again,  we  pause  in  the  description  of  our  eight  horse-power 
engine  to  illustrate  more  particularly  this  admirable  contrivance  of 


Fig.  416.  A  a  is  half  the  heam,  a  being  the  main 
centre,  a  a.  The  main  linka  connecting  the  piston- 
rod  a  with  the  end  of  the  beam,  e  n.  The  air-pump 
links,  from  Uie  centre  of  which  the  air-pump  rod  is 
suspended,  o  n  and  s  n  produce  the  parallelism, 
beeause  o  n  is  moreable  only  round  the  fixed  centre 
0,  whilst  a  2>  is  not  onlT  moveable  round  the  centre 
2>,  but  the  centre  itself  in  the  arc  described  bj  c  n, 
and  by  this  action  a  n  corrects  the  distorting  in- 
fluence of  its  own  radius.  The  dotted  lines  and 
letters  above  enable  the  obserrer  to  see  the  effect  of 
the  movement  of  tiie  beam  on  the  jMurallel  motion. 
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Watt,  wfaicli  remains  to  the  present  daj  without  any  materiil 
etren  m  the  best  steam-engines.  (Fig.  446.) 


i^ 


Fiff.  MB.  A.  The  seat  of  the  throttle  valve,  z.  The  valve  itself  tarnin^  on  a  cpindlak 
whi£  pasaes  through  its  centre,  o  is  the  steam  pipe.  «.  The  throttle  valve  lera  «o 
which  the  rod  b;  proceeding  from  the  governor,  acts,  d  b.  The  qiindle  of  the  sofamor 
revolving  by  a  belt  acting  on  the  pnlley  tU  a  a.  The  balls  hnng  on  the  eoda  of  ue  ara^ 
whidi  eross  each  other  at « like  a  pair  of  adssors.  WhenDDisaetinmotkm,  thebsBiSy 
oat  by  oentrifbgal  motion,  and  in  doing  so  draw  down  the  ooUar  into  which  the  lem  i 
works  by  means  of  the  links/ A.  When  t  is  depressed,  of  ooorse  m  rises,  and  the  valve  s  b 
partly  closed,  and  the  sapply  of  steam  rednced. 

In  the  eight-horse  engine  already  partly  explained,  t  is  the  cjlinder 
of  an  air-pump  to  remove  any  air,  and  the  water  whidi  oondenses  tibe 
steam,  from  the  condenser  l.  There  is  also  the  eduction  pipe,  which 
conducts  the  steam  from  the  cylinder  to  the  condenser  l.  o  is  the 
pump  that  supplies  cold  water  to  the  cbtem  s,  in  which  the  condenser 
and  air-pump  stand,  p  is  a  rod  connected  with  the  injection  cod^  for 
admitting  a  jet  of  water  into  the  condenser  fix»m  the  cistern,  and  which 
is  continually  flowing  during  the  working  of  the  engine,  q  q,  cast-iron 
columns,  four  of  which  support  the  principal  parts  of  the  en^e. 

We  now  come  to  the  bouer  of  the  steam-engine,  which  is  of  course 
of  ahnost  equal  importance  with  the  engine  itself;  and  the  one  in  oar 
page-picture  is  a  good  type  of  one  of  the  fayouiite  boilers  used  by 
Messrs.  Boulton  and  Watt,  and  is  called  the  *'  Wafon  boiler."  The 
boiler  is  made  of  wrought-iron  plates  rivetted  to^etner,  and  properly 
strengthened  where  necessary;  and  the  steam-pipe  ▲  oonye^  the 
steam  to  the  engine.    It  may  be  remarked  here  that  the  oyhndtioal 


THE  BOILEB  OF  THE  STEAM  ENOnfE.  491 

boQer— oonaistmc  of  two  (nrlinders,  one  within  the  other,  of  which  the 
former  contains  the  fire,  whilst  the  furnace-draught  circulates  outside  the 
latter,  and  the  space  between  the  two  cylinders  being  filled  with  water — 
is  the  form  of  boiler  which  is  most  highly  approved  of,  and  is  employed 
in  ti^e  famous  economical  steam-engines  of  the  Cornish  mines. 

As  the  water  evaporates  in  the  form  of  steam,  the  boiler  must  be  con- 
tinually supplied  with  fresh  water,  which  comes  (as  will  be  noticed  by 
inspecting  tne  page  picture)  from  the  Aol  well  s,  by  means  of  the  hoi- 
water  pump  r,  attached  to  the  beam  f.  The  water  is  pumped  to  the  top 
of  a  column  rising  above  but  connected  with  the  boiler.  There  is  a 
cylindrical  float,  inside  the  column  of  water,  connected  with  the  boiler, 
suspended  over  a  pulley  bv  b  chain  passing  to  the  damper  of  the  furnace. 
The  damper  and  float  balance  each  other,  and  when  the  water  in  the 
boiler  rises  to  too  high  a  temperature,  it  causes  the  float  to  rise  in  the 
column  of  water,  wmch  lowering  the  damper  or  shutter  that  stops  the 
draught  of  the  chimney  of  the  furnace  T,  diminishes  the  intensity  of  the 
heat,  and  reduces  the  formation  of  steam.  On  the  other  hand,  as  the 
temperature  diminishes,  the  float  descends  and  the  damper  rises,  and 
permitting  more  air  to  rusl^  to  the  burning  fuel  in  the  nre,  a  greater 
quantity  of  steam  is  generated. 

There  is  likewise  a  stone  float  inside  the  boiler,  for  regulating  the 
supply  of  water  by  the  feed  pipe,  or  column  of  water,  which  latter  must 
always  be  sufficiently  loftv  to  press  with  greater  force  than  the  steam 
produced  in  the  boiler,  or  else  the  power  of  the  steam  might,  under  cer- 
tain circumstances,  eject  or  blow  out  the  water  from  the  top  of  the 
column.  The  stone  is  suspended  b;^  a  brass  wire  which  works  through 
a  stuffing  box,  and  is  connected  with  a  lever,  to  which  is  attached  a 
heavy  counterpoise,  so  adjusted  that  when  the  stone  is  immersed  to  a  cer- 
tain depth  in  water  raooording  to  the  principle  of  a  solid  body  losing  weight 
in  a  fluid,  ezplainea  in  the  article  on  specific  gravity,  page  48),  it  shall 
exactly  balance  the  latter,  but  when  the  water  sinks  in  the  boiler,  and 
the  stone  is  no  longer  surrounded  with  water,  it  becomes  heavier,  and 
sinking  down  opens  a  conical  plug,  ground  so  as  to  fit  water-tight  into 
a  hole  in  the  bottom  of  the  column  of  water  or  feed  pipe,  and  directly 
the  plug  opens,  water  rushes  into  the  boiler ;  being  cut  off  again  as 
the  stone  nses  when  immersed  or  surrounded  with  the  proper  height  of 
water.  Unless  our  juvenile  readers  refer  to  the  article  on  specific 
gravity,  they  will  not  understand  the  otherwise  seeming  anoma^  of  a 
stonekoai, 

A  large  hole,  called  the  man-hole,  covered  with  an  iron  plate  and 
securely  fastened  with  screws,  is  provided  for  the  purpose  of  allowing 
the  engineer  to  enter  the  boiler,  when  cold,  for  the  purpose  of  clearing 
out  the  incrustation  and  dirt  arising  from  the  water.  To  prevent  the 
incrustation  of  lime  and  other  earthy  matters,  it  is  sometimes  usual,  on 
the  principle  "  thai  prevention  is  better  than  cure"  to  put  a  large  log  of 
*'lc^ooa'  inside  tne  boiler,  as  it  is  found  that  the  colouring  matter' 
cunously  prevents  the  earthy  matter,  so  well  known  as  the  "  fur"  in 
Iron  **  tea-kettles»"  sticking  to  the  sides  of  the  boiler.    Sal  ammoniac 
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and  other  salts  also  have  the  same  property,  but  neither  are  mock  nsel 
the  mechanical  labour  of  chipping  oat  the  boiler  and  stopping  its  vork 
for  a  day  or  so,  being  preferred  to  the  preveniitm  plam  abeadr 
described. 

There  is  also  a  valve  opening  inwards  to  prevent  tlie  oonseqnenoes  of 
a  sudden  condensation  in  the  boiler,  and  also  a  safety  valve  and  leier 
with  weights  opening  outwards,  and  allowing  the  steam  to  escape  when 
it  reaches  a  dangerous  excess,  uid  in  order  to  look  as  it  were  at  tiu 
state  of  the  pressure  inside  the  iron  boiler,  a  proper  steam  gauge  b  pro- 
vided, also  two  cocks — viz.,  a  water  and  steam  cock,  to  enable  the  en- 
gineer to  ascertain  if  the  wifter  is  up  to,  and  does  not  exceed,  tbe 
proper  height,  because  when  turned,  supposing  tliat  all  is  going  on  pro- 
perly, the  former,  No.  7,  should  eject  water,  tne  Utter,  No.  8,  steam. 

It  is  truly  wonderful,  considering  the  number  of  safeguards  and 
warnings  provided,  that  accidents  ever  happen  to  boilers,  but  the 
statistics  of  deaths  and  annual  destruction  of  property  show  that  sdenoe 
is  powerless,  nay,  absolutely  dangerous,  when  handled  by  ignorant  aad 
careless  persons.  The  great  fl^-wheel,  which  is  usually  such  an  ave- 
inspiring  and  marvellous  exhibition  of  strength  in  an  engine  of  any  great 
power,  is  employed  for  the  purpose  of  storing  up  force,  so  that  if  anj 
parts  of  the  engme  work  indifferently  (they  sol  work  with  resistance),  it 
shall  equalize  the  wants  of  the  whole,  andoy  its  inertia  it  will  continue 
to  move  until  its  motion  is  stopped  by  a  resistance  equal  to  its  mo- 
mentum. 

In  starting  an  engine,  the  engineer  may  sometimes  be  observed  la- 
bouring  to  move  the  "  fly-wheel,  and  when  once  he  succeeds  in  ^ttiog 
it  to  move,  the  resistance  of  the  other  parts  of  the  machinery  is  soon 
overcome.  Mr.  Alderson,  in  his  prize  essay,  remarks  that  '*  it  is  in  the 
property  which  the  steam-engine  possesses  of  regulating  itself,  and  pro- 
viding for  all  its  wants,  that  the  great  beauty  of  the  invention  consists. 
It  has  been  said  that  nothing  maoe  by  the  hand  of  man  approaches  so 
near  to  animal  life.  Heat  is  the  principle  of  its  movement ;  there  is  in 
its  tubes  circulation,  like  that  of  the  blood  in  the  veins  of  animals, 
having  valves  which  open  and  shut  in  pix)per  periods ;  it  feeds  itsdf, 
evacuates  such  portions  of  its  food  as  are  useless,  and  draws  from  its 
own  labours  all  that  is  necessary  to  its  own  subsistance.  To  this  msr 
be  added,  that  they  are  now  regulated  so  as  not  to  exceed  the  assisnea 
speed,  and  thus  do  animals  in  a  state  of  nature.  That  the  safety  vuves^ 
like  the  pores  of  perspiration,  open  to  permit  the  escape  of  superfluous 
heat  in  the  form  of  steam.  The  steam  gaugje,  as  a  pulse  to  tne  boOer, 
indicates  the  heat  and  pressure  of  the  steam  within;  and  the  motion  of  the 
piston  represents  the  action  and  the  power  of  which  it  is  capable.  The 
motion  ot  the  fluids  in  the  boiler  represents  the  expanding  and  collapsing 
of  the  heart ;  the  fluid  that  goes  to  it  by  one  channel  is  drawn  off  by 
.  another,  in  part  to  be  returned  when  condensed  by  the  cold,  similar  to 
the  operation  of  veins  and  arteries.  Animab  require  long  and  frequent 
periods  of  relaxation  from  fatigue,  and  any  great  accumiuation  of  their 
power  is  not  obtained  without  great  expense  and  inoonvenienoe.    The 
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wind  is  uncertain ;  and  water,  the  constancy  of  which  is  in  few  places 
eaual  to  the  wants  of  the  machinist^  can  seldom  be  obtained  on  the  spot 
wDere  other  circumstances  require  macliines  to  be  erected.  To  reliere 
us  from  all  these  difficulties,  the  last  century  has  given  us  the  steam- 
eneine  for  a  resource,  the  power  of  which  may  be  increased  to  infini- 
tude :  it  requires  but  little  room ;  it  may  be  erected  in  all  places,  and 
its  mighty  services  are  always  at  our  command,  whether  in  winter  or 
summer,  by  day  or  by  night,  on  land  or  water ;  it  knows  no  intermission 
but  what  our  wishes  dictate." 

The  high-pretsure  steam-engine  appears  to  have  been  first  brought 
into  ^neral  use  b^  Trevethic  and  Vivian,  although  the  primary  notion 
of  sucli  a  modification  of  tlie  Newcomen  or  water-engines  did  not  ori- 
ginate with  them.  As  the  name  implies,  the  steam  is  broudit  to  a 
much  higher  temperature  and  pressure  than  is  required  in  tne  con- 
densing engines  oi  Boulton  and  Watt.  It  consisted,  in  the  first  place, 
of  a  cylinder  open  at  the  top,  and  provided  with  a  piston.  To  save 
heat  the  cylinder  was  fixed  imide  the  boiler^  and  was  provided  with  a 
two-way  cock  worked  by  a  crank,  for  the  purpose  of  supplying  and 
cutting  off  the  steam.  The  downward  stroke  was  produced  by  the 
atmosphere,  and  the  steam  having  done  its  work,  was  simply  blown  away 
and  wasted  in  the  air. 

The  engme  was  provided  with  a  fly-wheel,  to  which  the  piston-rod 
was  at  once  attacned,  producing  a  continuous  rotatory  movement 
without  the  assistance  of  the  heavier  parallel  motion,  or  not  and  cold 
water  pumps.  ^ 

This  form  of  engine  was  soon  adopted  for  pumping  work — such  as 
that  of  draining  fens ;  and  in  1804  Mr.  Sichard  Trevethic  used  it  for 
propelling  the  first  carriage  on  the  Merthyr  Tydvil  rail  or  tram  way, 
and  it  was  then  speedily  adopted  in  all  the  coal  districts  where  the  levels 
were  moderate.  Stephenson  the  elder,  succeeded  by  the  late  lamented 
Eobert  Stephenson,  allowed  with  inventions  and  improvements  of  the 
locomot  ive  steam-engine ;  and  we  are  told  in  "  Once  a  Week"  that, 

"  One  of  those  best  qualified  to  speak  to  the  latter's  contributions  to 
the  development  of  the  locomotive  engine,  states  that  from  about  five 
years  from  his  return  from  America^  Egbert  Stephenson's  attention  was 
chiefly  directed  to  its  improvement.  *  None  but  those  who  accompanied 
him  auring  the  period  in  his  incessant  experiments  can  form  an  idea  of 
the  amazing  metamorphosis  which  the  machine  underwent  in  it.  The 
most  dementary  principles  of  the  application  of  heat,  of  the  mode  of 
calculating  the  strength  of  cylindrical  and  other  boilers,  of  the  strength 
of  rivetting  and  of  staying  flat  portions  of  the  boilers,  were  then  far 
from  being  understood,  and  each  step  in  the  improvement  of  the  engine 
had  to  be  confirmed  by  the  most  careful  experiments  before  the  brilEant 
results  of  the  Eocket  and  Planet  engiines  (the  latter  being  the  type  of 
the  existing  modem  locomotive)  could  be  arrived  at.' 

"  Stephenson's  time  was  not,  however,  so  fully  taken  up  during  the 
above  interval  as  to  preclude  attention  to  his  other  civil  engineering 
business,  and  he  executed  within  it  the  Leicester  and  Swanoington, 
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Wliitby  and  Pickering,  Canterbtuj  and  Whitatable,  and  Newton  ad 
Warrington  Uailways :  while  he  aiso  erectea  an  extensive  manvfu/LBtj 
for  locomotives  at  Newton,  in  Lancashire,  in  partnership  with  the 
Messrs.  Tavleur.  About  the  middle  of  the  above  period,  aJaci,  the  &al 
surveys  and  estimates  for  the  London  and  Birmingham  Railwav  were 
fr&mcd,  leading  eventually  to  the  obtaining  of  the  £ci.  Then  fculowed 
the  execution  of  that  line,  and  here  Bobert  Stephenson  had  an  <^por- 
tunity  of  showing  his  c^eat  talent  for  the  mana^ment  of  works  on  a  laige 
scale.  This  was  the  first  railway  of  any  magmtude  executed  under  the 
contract  system ;  perfect  sets  of  plans  and  specifications  (which  hsTe 
since  served  as  a  type  for  nearly  all  the  subsequent  lines)  were  prqwed 
— no  small  matter  for  a  series  of  works  extending  over  112  wSks, 
involving  tunnels  and  other  works  of  a  then  unprecedented  magnitude. 

"  Many  other  railwavs  in  England  and  abroad  were  execat«l  hj  him 
in  rapid  succession;  the  Midland,  Blackwall,  Northern  and  Easten, 
Norfolk,  Chester  and  Holyhead,  together  with  numerous  brandi  lines, 
were  executed  in  this  country  by  him ;  and  among  railways  abroad  maj 
be  enumerated  as  works  either  executed  by  him  or  recommended  in  bs 
capacity  of  a  consulting  engineer,  the  system  of  lines  in  Belgium,  Italy, 
Norway,  and  Egypt,  and  in  Erance,  Holland,  Denmark,  IiMUa,  Caiadi» 
and  New  Zeabina. 

"  Bobert  Stephenson  first  saw  the  light  in  the  village  of  Willinftan, 
at  a  cottage  which  his  father  occupieid  after  his  marria^  with  Ifiss 
Eanny  Henderson — a  marriage  contracted  on  the  strength  of  his  first 
appomtment  as  "  breaksman  to  the  angine  employed  for  lifting  the 
baliast  brought  by  the  return  collier  ships  to  Newcastle.  Here  Robert 
was  bom  on  the  17th  of  November,  1803.  As  the  cottage  looked  oat 
upon  a  tramway,  the  eyes  of  the  child  were  naturally  familiarized  firom 
ii^ancy  with  sights  and  scenes  most  nearly  connected  with  his  fatue 
profession." 

In  locomotive  steam-engine  boilers,  the  principal  object  is  to  generate 
steam  with  the  greatest  rapidity ;  hence  the  boiler  consists  of  two  parts 
—viz.,  a  square  Dox  contaming  the  fire,  and  around  whid^  a  thin  stratum 
of  water  circulates,  whilst  the  draught  for  the  fire  rushes  throufh  a 
number  of  copper  tubes  placed  in  the  second  or  cylindrical  part  of  the 
boiler.  By  the  use  of  these  tubeis  an  immense  twrface  or  wain'  is 
exposed  to  the  action  of  the  fire,  and  the  steam  is  not  only  generated 
with  amazing  rapidity,  but  is  also  maintained  at  a  very  hig^  pressure. 

Within  the  last  few  years  ''  superheated  steam"  has  been  favouraUy 
mentioned,  and  employed  economically  for  driving  certain  engines. 
The  principle  consists  m  first  generating  steam,  and  then  passmg  it 
through  coils  of  strong  wrought-iron  pipe,  by  which  it  acquires  addi- 
tional heat,  and  we  have  therefore  combined  in  steam  the  ordinary 
principle  of  evaporation  of  water  with  the  heated-air  principle  <tf 
Stirling,  described  at  p.  427.  We  give  a  drawing  of  Scott's  patent 
generator  and  superheated  steam  engine.  (Ei^.  447.) 

The  apparatus  is  used  as  follows : — ^A  fire  is  made  in  the  furnace,  and 
so  soon  as  a  pyrometer  connected  with  that  indicates  about  800  degree^ 
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maintiuna  the  aecessaij  feed  of  m'r  and  water.  The  geaecBtot  produces 
a  copious  supplj  of  elastic  mixed  gaseous  vapour,  at  a  pressure  of 
350  pounds  on  tUe  square  incli ;  and  it  is  stated  thiit  tliis  engine  works 
satisfactorilj,  and  is  started  in  the  incrediblj  short  time  of  from  three 
to  five  minutes,  so  that  tor  marine  engines  in  war  vessels,  expecting  to 
to  be  ordered  out  suddenly,  no  fuel  need  be  burnt  till  tbe  moment 
required, 

Eiperiments  with  superheated  steam  have  already  been  tried  most 
BDCcessfuUr  on  board  the  Peninsular  and  Oriental  Company's  slup  the 
Faiella,  whereby  it  i)  stated  that  a  savinjc  of  thirty  per  cent,  in  fuel 
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is  obtained.  The  engine  to  which  the  snperheated  steam  was  ada^ 
was  constructed  by  Fenn  and  Sons,  and  the  vessel  attained  a  sjm  d 
nearly  sixteen  knots  per  hour,  and  under  the  most  adverse  diaua- 
stances  had  an  abundance  of  steam  to  spare. 

"  A  most  important  experimental  improvement  in  steam  inadiinm 
was  on  Thursday  last  tried  for  the  first  time  down  the  river,  on  boiro 
the  Peninsular  and  Oriental  Ck>mpanv's  ship,  the  Faleita,  The  actiul 
nature  of  the  improvement  may  be  aescribed  in  a  few  words  ss  oon- 
sistinff  of  a  simple  apparatus  for  working  marine  engines  by  meaos  of 
superneated  steam ;  but  it  is  not  too  much  to  say  that  in  the  success  or 
fsdlure  of  this  experiment  are  involved  results  so  important  as  to  affect 
materially  all  ocean-going  steamers,  and,  indeed,  steam  machineiyofall 
kinds.  To  be  able  to  work  machinery  with  superheated  steam,  means  to 
command  increased  power  with  a  thirty  per  cent,  reduction  in  the  con- 
sumption of  fud.  A  principle  which  can  effect  such  important  diai^ 
in  the  universal  application  of  steam  has  not  remained  undiscoTcreato 
the  present  day.  The  want  of  superheated  steam  has  long  been  feh, 
and  the  enormous  comparative  advantages  of  working  engines  on  sa(^ 
a  plan  have  long  been  Known.  A  simple  and  effective  working  of  tbe 
prmciple,  however,  has  been  an  engineering  difficulty  which  vanoos  ex- 
pedients— all,  however,  sufficiently^  successful  to  show  the  value  of  tbe 
miprovement-— have  failed  to  obviate  entirely.  This  obstacle  has  not, 
we  believe,  been  effectually  overcome  by  Mr.  renn,  and  the  value  of  tiif 
improvement  so  clearly  demonstrated,  that  the  general  application  of 
the  principle  to  steam  machinery  of  every  kind  may  now  be  regarded  ss 
certain. 

"  The  idea  of  working  engines  by  superheated  steam,  and  the  immense 
saving  of  fuel  and  increase  of  power  it  would  effect,  was,  we  beliere, 
first  started  many  years  ago  by  Mr.  Howard,  and  subsequently  bj  Dr. 
Haycraft.  The  difficulties,  however,  in  the  way  of  its  adoption  at  tint 
time,  and  the  undue  estimate  of  the  importance  of  the  principle,  pr^ 
vented  those  gentlemen  from  realizing  very  great  practical  results.  At 
a  biter  period  the  matter  was  again  taj^en  up  l)y  an  Americaxf  engineer- 
Mr.  Weatherhead — who,  however,  only  superheated  a  portion  of*  j^ 
steam  and  mixed  it  with  common  steam  in  its  wa^to  the  cylinders.  Tbe 
success  which  attended  even  this  partial  application  of  the  process  again 
revived  the  idea,  and  encouraged  other  engmeers  to  turn  their  attention 
to  the  subject.  The  result  of  these  renewed  efforts  is  that  sereBl 
methods  of  securing  the  great  economy  to  be  effected  by  superheating 
the  steam  are  now  under  trial,  and  there  is  no  doubt  tnat  a  most  im- 
portant step  in  the  progress  of  steam,  especially  as  applied  Ui  ocean 
navigation,  is  now  at  last  on  the  point  of  being  successfully  &ccom' 
plished. 

"  The  value  of  the  improvement  on  the  score  of  economy  in  working 
mav  be  best  illustrated  oy  a  single  fact — namely,  that  the  Peninsnlar 
and  Oriental  Company^s  bill  for  coal  annually  amounts  to  the  enormous 
sum  of  700,000/.,  and  that  by  working  their  vessels  with  superheated 
steam  properly  applied,  it  is  become  abnost  certain  that,  without  a&J 
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deiriment  to  the  machinery,  from  28  to  30  per  cent  of  this  ffigantic 
outlay  can  be  saved.  As  to  the  various  proposed  methods  of  super- 
heating steam,  it  may  be  brieflv  explained,  that  the  conditions  required 
to  be  fulfilled  are  perfect  simplicitv  of  arrangement  with  ready  control 
over  the  apparatus ;  that  it  snoula  be  so  placed  as  not  to  be  liable  to 
accidental  mjury  in  the  engine-roon^;  and  that  the  heat  employed  for 
superheatinff  the  steam  should  be  waste  heat  which  has  akeady  aone  its 
duty  in  the  Doilers  and  is  passing  away. 

'*  All  these  conditions  have  been  most  satisfactorily  fulfilled  by  Mr. 
Penn  in  the  new  engines  on  board  the  Faleita,  which  were  tried  down 
the  Thames  for  the  nrst  time  on  Thursday.  The  FaleUa,  as  our  readers 
may  remember,  was  for  many  years  the  mail-boat  between  Marseilles, 
Malta,  and  Constantinople.  While  thus  employed,  she  had  Fenn's 
eneines  of  400  horse-power,  and  to  work  these  up  to  an  AverMO  speed 
of  15  miles  an  hour  required  a  consumption  of  fuel  of  from  70  to  76 
tons  of  coal  per  day.  At  no  time  was  it  less  than  from  46  to  65  tons. 
These  engines  have  now  been  removed  to  a  vessel  nearlv  double  the 
tonnage  of  the  Faleiia,  and  the  hitter  fitted  with  engines  t)v  Mr.  Feim 
on  the  superheating  principle.  We  may  mention  that,  oesides  this 
alteration,  the  Faletia  has  oeen  considerably  improved.  A  poop  and 
forecastle  have  been  added,  increased  accommodation  given  to  passengers, 
and  the  whole  vessel  fitted  up  in  the  richest  style.  The  saloon  is  one 
of  the  simplest  and  handsomest  things  of  the  lund  we  have  seen,  suffi- 
ciently lofty  and  capacious,  and  above  all,  admirably  ventilated  on  the 
system  which  is  now  being  adopted  on  all  sea-going  steamers,  and  the 
merit  of  devising  which  bdongs  to  Mr.  Eobinson,  of  the  Peninsular  and 
Oriental  Company. 

"To  return,  however,  to  the  engines.  Mr.  Penn,  -at  the  repeated 
request  of  Mr.  Allen,  the  Managing  Director  of  the  Peninsular  and 
Oriental  Company,  undertook  to  apply  to  them  the  principle  of  super- 
heating, to  which  his  attention  had  many  years  before  been  seriously 
directed  by  Dr.  Haycraft.  His  method  of  doing  this  is  to  place  in  the 
smoke-box  of  the  lioiler,  through  which  the  hot  air  from  the  furnace 
first  passes,  as  large  a  number  of  small  pipes  as  is  consistent  with 
allowing  a  free  draught  from  the  furnaces.  Through  these  all  the  steam 
from  the  boilers  passes  in  its  way  to  the  cylinders.  By  this  plan  an 
immense  heating  surface  in  the  pipes  is  secured,  the  steam  is  in  a 
subdivided  form,  so  as  to  be  readily  acted  on,  and  the  waste  heat  from 
the  furnace  is  utilized  at  the  point  where  its  intensity  is  greatest,  and 
where  the  greatest  conveniences  exist  for  applying  the  apparatus.  By 
means  of  three  ordinary  stop-valves,  the  whole  contrivance  can  be 
shut  in  or  off  from  the  engines  at  pleasure.  In  ordinary  engines  steun 
leaves  the  boilera  at  about  350°,  but  declines  from  this  temperature  in 
its  way  to  the  engines  to  230°,  undergoing  from  condensation  a  still 
greater  and  more  serious  diminution  of  heat  in  the  oylinden.  From 
these  causes,  and  also  from  the  immense  quantity  of  waste  heat  which 
escapes  throu^  the  •  smoke-box  and  up  the  funnels,  there  has  always 
been  a  theoretical  loss  of  steam  power  amounting  to  forty  per  cent.,  as 
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oompaied  with  the  ooal  oonsumed.  It  is  this  loes  of  power  and  wufo 
of  beat  which  the  superheatizig  process  is  intended  to  ipmmxA,  and 
which  wiU,  of  course,  allow  a  rMuction  of  irom  twenty-eight  to  tiiirfy 
per  cent,  on  the  fiiel  now  consumed.  Bj  the  superheating  prooeas  the 
steam  is  raised  in  passing  along  the  pipes  in  the  smoke-box  Twhere  tli» 
heat  is  about  660°)  from  a  temperateire  of  250^  to  350%  ana  so  enters 
the  cylinders  at  100°  in  excess  of  the  temperature  due  to  its  pressure. 
Thb  extra  heat  is,  of  course,  rapidly  communicated  to  the  meUk^  and 
prevents  the  condensation  in  the  cylmders  or  other  parts  of  ti»  engines, 
which  would  otherwise,  of  course,  take  place.  Singularly  enough,  s 
smaller  amount  of  cold  water  is  required  to  condense  the  steam  at  this 
high  temperature  of  360°  than  when  at  the  ordinaiy  heat  of  ooouncm 
steam. 

"The  trial  trip  of  the  Faletia  on  Thursday  was  most  satisfoetoiy,  not 
only  as  regards  the  engines,  but  still  more  so  as  to  the  applioatiaiL  for 
the  superheating  process.  At  the  measured  mile  at  the  Iiower  Bspt, 
near  the  Nore,  the  result  of  repeated  runs  ^ye  an^  aTerase  need  df 
nearly  144  knots  per  hour,  thus  realizing  with  engines  oT  360  bone- 
power,  ana  a  small  consumption  of  fuel,  uie  same  nte  of  speed  as  had 
oeen  eained  with  her  previous  engines  of  400  horae-pow«r,  and  a  oon- 
suraption  of  seventy-five  tons  of  coals  per  da^.  The  supeiheatsK 
apparatus  evidently  effected  a  most  importont  saving  in  fuel,  but  untu 
an  average  of  many  days'  working  can  oe  obtained,  it  would  be  diicalt 
to  estimate  tiie  exact  amount  economised.  There  seems,  however,  enrj 
reason  to  bdieve  that  an  average  of  fourteen  knots  an  hour  caa  be 
obtained  with  a  consumption  of  only  from  twenty-four  to  twentj-ox 
tons  per  diem.  The  thermometer  durmg  the  trial  indicated  in  the  ^eas 
pipes  an  addition>to  the  ordinary  temperature  of  100^,  which  Mr.  Pezm 
Delieves  to  be  enough  for  all  practical  purposes  of  superheating.  Brea 
when  making  from  thirty-thiee  to  thirty-four  revolutions  jwr  nunatei 
and  driving  the  vessel  against  a  strong  head  wind  and  tide,  it  vas 
impossible  to  consume  all  the  steam  generated,  which  was  blowing  off 
from  both  boSers  all  the  trip.  The  en^es  are  remarkable  for  the 
extraordinaiT  beauty  and  simplicity  of  their  proportions,  qu^iiies  wdl 
known  in  all  engines  from  Penn  and  Sons,  and  which,  oomlnned  vith 
the  strength  of  the  mi^rials  and  perfeotion  of  the  workmanship,  make 
this  firm  the  foremost  in  the  wond  for  machinery  of  this  descnp&a. 
Both  cylinders  are  oscillating,  of  sixty-two  mches  diameter,  and  with  a 
stroke  of  four  feet  six  inches.  The  paddles  are  on  the  featherii^ 
principle,  and  the  boilers  of  Lamb  and  Go.'s  patent.  During  the  whok 
course  of  the  trials,  and  when  going  at  one  time  nearly  sixteen  knots, 
there  was  no  perceptible  vibration,  even  at  the  end  of  the  saloon  nearest 
to  the  engines.  When  it  is  remembered  that  the  superheating  process 
which  can  effect  such  important  results  is  capable,  as  we  have  said,  of 
application  to  steam  maohinerv  of  ever^  kind,  including  even  loco- 
motives,  it  cannot  be  doubted  that  the  tnal  of  Thursday  and  its  great 
success  is  one  of  the  most  importuit  events  for  the  progress  of  steaD 
which  we  have  had  to  ohrooiole  for  many  years."  ITke  Tmet,  Aadl  S3id 
1869. 
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Whilst  speaking  of  the  application  of  this  somewhat  novel  condition 
ot  steam,  it  may  be  obseryea  that  many  inventors,  who  have  paid  little 
or  no  attention  to  firti  prineipUt,  have  proposed  to  apply  the  vapours  of 
alcohol,  ether,  or  toipentine,  instead  of  tinat  of  water ;  and  they  have 
founded  their  notions  on  the  idea  that  in  consequence  of  the  less  latent 
and  sensible  heat  of  alcohol,  ether,  and  turpentine  vapour,  and  of  the 
small  quantitv  of  fuel  required  to  boil  them,  that  they  would  compete 
advantageously  with  steam.  This  view  of  the  case,  however,  is  soon 
proved  to  be  a  very  shortsighted  one,  because  the  amwnf  of  expamum 
baa  been  quite  overlooked;  and  if  it  was  desirable,  by  way  of  com- 
parison, to  produce  a  cubic  foot  of  steam,  alcohol,  ether,  or  turpentine, 
the  steam  would  stand  first  for  cheapness,  and  would  require  tne  least 
quantity  of  fuel  to  produce  it,  so  that  if  the  more  expensive  of  com- 
bustible liquids  could  be  obtained  for  nothing,  it  would  still  be  cheaper 

to  employ  water. 

Latent  liMt,  or 
eqaivalent  ibr  AmL 

A  cubic  foot  of  water  yields  1700  cubic  feet  of  steam  .  =  1000* 
A  cubic  foot  of  alcohol  produces  493  cubic  feet=457*. 

Then,  by  rule  of  proportion,  493  cubic  inches  :  457 

::  1700  :....:. 1576- 

A  cubic  foot  of  ether  yields  only  212  cubic  feet  of 

vapour=312*,  and  212  :  312- ::  1700 : 2500" 

A  cubic  foot  of  the  oil  of  turpentine  affords  192  cubic 

feet  of  vapour=183*,  and  192: 183::  1700:.    .    .         1620* 

It  will  therefore  be  seen  that  water,  when  con?erted  into  steam, 
expands  eight  times  as  much  as  sulphuric  ether,  and  nearly  three  times 
and  a  half  as  much  as  alcohol. 

The  application  of  steam  for  the  purpose  of  propelling  vessels  has 
already  been  mentioned  in  connexion  witn  the  Spanish  inventor,  Blasco 
de  Garay,  in  the  year  1543.  The  first  patent  in  this  kingdom  granted 
for  that  purpose  was  that  of  Mr.  Jonathan  Hull  in  17/3.  In  1787» 
Mr.  Miller  tried  a  number  of  important  experiments  in  the  propulsion 
of  vessels  by  steam-engines,  and  it  would  appear  that  Lord  Cullen 
advocated  his  ideas,  and  endeavoured  to  secure  the  co-operation  of  the 
great  firm  of  Boulton  and  Watt,  who,  occupied  with  their  land  engines, 
could  not  pay  attention  to  it ;  and  twenty  vears  elapsed  after  the  reply 
of  Watt  to  Lord  Gullen's  application,  l)eK)re  the  real  novelty  appeared 
of  a  first  successful  experiment  with  a  steam^boat  in  "the  open  sea,** 
by  Henry  Bell,  in  ISll.  A  picture  of  this  boat,  called  the  Comei,  which 
was  afterwards  wrecked,  is  snown  at  p.  478.  Henry  Bell's  novelty  was 
iueeeu,  and  he  is  fairly  entitled  to  the  ment  of  first  introducing  steam 
navigation  into  Europe. 

In  1811,  the  public  stared  with  mingled  astonishment  and  satisfaction 
at  the  realization  of  that  which  was  called  a  fable.  Only  forty-seven 
years  afterwards  another  ^neration  spontaneously  exhibits  the  liveliest 
mtere&t  in  the  gigantic  pnvate  specuktion  of  the  6reat  Extern,    Heniy 
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Bell's  tuhI  of  1811  vu  40  (ett  keel,  10  feet  6  incbes  baa,  ai 
25  tons  burden!  Tbe  Great  Batten  ii  692  feet  loiu;,  S3  feet  vide, 
eo  feet  deep,  tnd  S4,000  toas  barden  ! !  Allbough  tjie  use  for  wbich 
she  iras  desif^ed — the  conTejaace  of  passenj^rs  ocrou  the  bmd 
b(Mom  of  the  AtUotic — bu  been  abaodoned  on  account  of  the  workia° 
expenses  being  too  heavj  for  eompelitioD  witb  imBller  ships,  the  Grot 
Eastern  must  eier  remain  a  monument  oFsrieotific  skill  and  eDterpmt 
It  must  be  remembered  too  that  she  has  been  instrumental  in  bringii; 
tvo  great  countries  within  apeskiiig  distance  of  one  another  bj  aeui 
of  electric  cables  deposited  at  the  bottom  of  tbe  ocean.  It  is  worthi  of 
notice  that  tbe  first  message  transmitted  to  the  New  World  was  this:— 
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Aphengeicope,  368 

Archimedee,  331 

ArbloUe,  311 

AetronoDT,  10 

Atlantic  CUde.  000 

Aknoepheric  Air,  Compoeition  o(  108 

Atomi  and  Parttclen,  6 

Attraction  of  ParUdes,  11 

Anrora  Borealia,  264 

Antomatio  BloDdln,471 

Aiote,102 

Bafly*!  Beada,  27 
BakeweU's  Telegraph,  248 
Balaid,  161 

Balloon,  Oonatradion  of,  112 
Ballooning.  Hiatory  of,  112 
Balmain'e  Lamlnoos  Paint,  20S 
Banoalari,  Father,  281 
Bath,  PrescnraUTe^  166 
Bath,  SUver.  146 
Batteriea,  Electric,  207 

»       Gas,  120 

Le  Clanoh6, 236 
Microphone,  260 

M       Sand,  231 
Beale  s  Chorentoecope^  866 

M      Rinker,  867 
Becqnerel,  206 
Bell.  Electric  234 
Bell's  Magnetic  Telephone,  248 
Benioic  Add,  78 
Bill  DtotribQtor,118 
Blonnial  Lantern,  340 
Bleaching,  130 
Blondln,  Antomatic,  471 
Bono,  163, 178 
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Box,  Tinder,  286 

Brick,  Seeing  through  m,  316 

Bromine,  132^  161 

Browning's  Electric  Lamp,  281 

BmshT^  0.278 

Bode  Ught.  07 

Bunsen  and  Kirehboff,  366 

Boning  Diamond,  166 

Cable,  Atlantic,  600 
Caillotet,  M.,  131. 
OalUope.  470 
Camera  Obacnra,  141 

„      Photogr^)hic  148 

M      Toorists',  168 
Candle,  Combostion  of;  200 

H      Flame  and  Masnctlan,  282 

„      JaUochkoff,  283 
Cane  Orotto^  del,  169 
Canton's  Phosphoms,  296 
Capillary  Attraction,  60, 360 
Carbon, 163 

„      Photographic  Proceae.  140 
Carbonic  Acid,  LiqalBcation  or,  181 
Cardboard  Lamp,  Kdlaon's,  886 
Cascade,  Gasaiott's,  260 

„      Illundnated  336 
Cause  of  Vapour,  474 
Cavendish  Bottle,  123 
Centre  of  Gravity,  32 
Centre  of  Percussion,  44 
Centrifugal  Force,  17 

Bailway,  18 
Centripetal  Force,  26 
Chadwick's  Gas  Generator.  363 
Chalk  Cylinder,  kdlson's,  256 
CharcoaLl64 
Chemical  Action.  200 
„       AfBnitv,  83 
N       Bzperimcnte,  87 
„       Symbol*,  86 
„       Tank,  360 
Chemistry,  81 
Chlorine,  132 

„       Preparation  of,  138 
Chorentoecope.  366 
Circuit,  Microphone,  260 

„      Telephone,  240 
Clarke's  Magnetic  Machine,  274 
Cleaning  Glaw,  140 
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Oodplti,  V«ntU«ti<m  of,  466 
CoftttBg  Gelfttlne  Plates,  166 

^      PUtet,146 
Code,  Signal,  340 
Cdh«aloii,69 
CoU  Experimcnta,  966 

,,    Indactlon,  661 

„    Medical.  271 
GoUodkm.  143 

„        Enraliioa,  164 
Ooknin  of  thin-plates,  389 
Colour  Top^  378 
Coloaring  Lantern  Slides,  666 
Comboaoon  of  Candle,  299 

M  Steel,  297 

Company,  Edison  Telephone,  257 
Compass,  Mariners',  260 
Compressed  Oaa,  866 
ConcaTe  Mirror,  324 
Concert,  Telephonic,  804 
Condnctlng  wires,  232 
Condnotion  of  Heat.  426 
Condnctora,  Lightning,  264 
Coaie  Section.  22 
ConTCction  of  Host,  446 
Convex  Mirror,  828 
Cooke  k  Wheatstone's  Telegraph,  266 
Copying  Telegraph,  218 
Cori  Borer,  01 
Corona,  20 

CorpQacnlar  Theorr,  600 
Cowper's  Telegraph,  244 
Crystalliaation,  7B 

„  Instantaneons,  70 

CQn«nt»  Earth,  266 
CnrYes  of  Force,  286 
Cylinder,  Edison's  Chalk,  266 
„      Electric.  Machine,  186 

DagQerre,142 
Dance  of  Witches,  306 
Danchur  Fignres,  107 
])aniell'sGdl.206 
Dark  Room,  147 
Davy,  Sir  H.,  186 
Decomposition  of  Light,  866 
,,  of  Water,  128 

De  la  Boe's  Discharger,  217 
Detector  Lamp,  Symons'  437 
Detonatisg  Pane,  202 
Dereloping  Photographs,  146 
Dia-MagneUc  Bodies,  288 
Di»-MagnetUm,  286 
Diamond,  Doming,  166 
JNflraetion  Apparatos,  60S 
Difhsion  of  Gases,  6 
Discharger,  De  la  Bae'a,  217 
Discoveries,  Spectroscope,  666 
IMssolving  Tap,  360 

„  Viewa,  640 
Distcnrted  Imsges,  320 
Dobereiner  Lampk  127 
Doable  Plate  MacUn^  196 

M     BefhMtion,  309 
Dry  Fhotogr^>hlo  Processes,  166 
Doboioq's  Foontain,  333 
M        Polariser,  404 
I^Tnunite,  273 


Svtb,  Sm^c  Gravtly  o(  fi 
„      Cixrreot,233 
.      Plates,  633 
BdtMes,  10, 66 
Bel,B]eoliieal,  180 
Eddystone  Ughthonse^  464 
Edisoo'a  Cvdboafd  LaranasS 

M      Phonograph.  261 

„      Telepiione,264 

M      Tdephone  Compmy,  967 
Electrical  Eel,  189 
Electric  Batteries,  907 

„      Bell,  934 

M      CUidle.686 

n      Faas;916 

„     Lamp,  Browning's.  981 

M  ,,     Edison*^  686 

„      Lighting,  281 

„     Machine.  196 

M      Telegraph,  230 
Electricity,  Frictiooal.  185 
w       Magncl0b274 
»        9oinoeaoC187 
Voltaic,  206 
Blectro-Oi]dhig,216 
M      Magnet,  621 

Magnetic  Mschines^  9B 
„      Magnatisn^916 
ElectrophorDS,  90O 
Electrosecq^  190 
Electro-SUvering^  914 
Electrotype,  919 
Elements,  86 

„       Trsnamutrtlop  of.  670 
EllipscL93 
Emulskm,  Collodion,  164 

M        Gelatine,  166 
Engine,  Magnetic,  933 

n      Kewcomen's,  469 

„      Savoy's,  481 

N      Steam,  408 

„       Stirling's  Hot-Air.  497 
Etchingon  Glass.  163 
Ether,  vapooroC  68 
Exchange^  Tdepbcoie*  966 
Eipanaion  of  Gases,  496 
„         Liqalds,419 
.,  Solids  416 

Experimental  Gramme  Machine^  977 
Experimento  with  Coil,  966 
Explosive  Shells,  117 

Fsbridus,  141 
Falls  of  Miagaz%  980 
Faradar,  186 

Faraday's  Heavy  Ghws,  987 
Father  Bancalari,991 
Feather  and  Cotai  Experiment,  14 
Ferroos-Oxalate  Drvdoper,  160 
Fire  AnnihiUtor.  171 
H     Balloons,  426 
First  RaUway,  494 

„  Steamboat»478 
Fixing  Solotiooi,  148 
FlashTng  Signals,  368 
Flash,  Lightning,  90S 
Flnorine,  139,  if 
Fog  Horns,  640 
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Foontiin,  lUomiitttad,  83S 
Fox  Talbot,  14S 
Frame  ftnr  Printing,  148 
Franklin,  186 
Fraonhorer'f  Llnet,  3M 
Freezing  Appuratae,  79 
Frictional  Eleotrieitj,  188 
Fnw,  Eleetrle,  S18 

GalTuii,208 
Qal?anomet8r.  188 

Needle,  107 
Gm  Bottle.  868 

„     Generator,  863 
Ctesee,  DiflVuion  ot,  6 

„     Expenilou  d^  426 

,,     Liqoifiution  of,  181 

„     Speeiflo  OraTitj  of,  65 
Oaadott,884 
GauiotTi  Cucade^  860 
Gatling  Gnn,  448 
Gelatine  Plstee,  167 
„     Coating,  168 
„     Prooeeo,  Photognpldflb  IM 
GUdtaf  ,  Electro,  816 
Olasa  Cleaning,  148 

„    Etching  on,  168 
Glowworm,  296 
Gramme  Machine,  877 
GraTitaftion,  II 
Gravity,  Centre  of,  88 

„      Bpoelfie,  48 
Gray's  Telephone,  247 
Great  Eoitem,  217, 600 
Gregorian  Teleaoope,  T 
Grotto  Del  Cone,  189 
GroTe  Batteiy,  806 

„    Gas  Battery,  U9 
Onn,  Gatling,  448 

„    Steam,  444 
€Hiy  Fawkes,  288 

Heo*,  Conduction  of;  419 

M    Convection  of,  448 

»   Latent  407 

,    Badiationof.467 

„    Sonroes  of,  418 
Heory  Glass,  287 
Heliograph,  838 
Hercules,  Temple  of,  827 
Hermes,  81 

Hero's  Steam  Engine,  479 
Hiero,  King,  61 
High  Pressun  Steam,  403 
Horn  Silver,  141 
Hot  Air  Engine,  427 
Hughes,  Professor,  267 

M      Printing  Telegraph,  843 
Huyghens,  800 
Hydrogm,  Inhalation  of,  lio 
M         Liquilhctlon  of,  131 
M         Phosphnntted,  188 
„         Preparation  oi;  107 
ITygrometer,  482 
Uygroscopes,  461 

Iceland  Spar,  889 
lUomlnated  Fountain,  838 


Hluaiona,  Andent,  321 
Images,  Distorted,  320 
Incandescent  Platinum,  218 
Incidence^  Angle  of,  312 
Induction  Coifi^  261,  278 
„        Magnetic,  228 
Inertia,9 
Inpenetrability,  3 
Insulating  Stool,  191 
Insulator,  232 
Iodine,  132, 139 
Iriscopo,394 

Jablochkoff  Candle^  288 
James  Watt,  418, 486 
Jar,  Spangl«d,  267 
Joiue,229 

Kaleidoscope^  338 

Kaleidoscopic  Colour  Top,  878 

Kslotrope,  374 

Key,  Morse,  248 

King  Hiero,  61 

King's  Klectric  Lamp,  884 

Konn,2B4 

Lamp,  Davy's  Safetj,  436 
„     Doberelner  187 . 
„     Edison's  Electric,  286 
H     Submarine,  180 

Lantern,  Biunnial,  310 
„       Experiments,  368 
„       Magic  346 
„       Opaque,  367 
»      Pipette.  361 
„       Triple,  360 

Latent  Heat,  467 

Lavoisier,93 

Leaning  Tower  of  Pisa,  40 

Leclanch4  Battery,  236, 

Lenses,  344 

Leyden  Jar,  208, 268 

Light,  294 

„    Absorption  of,  387 
„    Bude,97 

„    Decomposition  of,  363 
„    Polarisation  of.  396 
,•     Propagation  of.  18 
M     BeOection  oL  310 
„     Refraction  of,  841 
„    Sonrcea  of,  296 
„    Theory  of,  300.  378 
„    Yeloetly  of,  304 
,,    Waves  of,  391 

Lighthouses,  463 

Lighting  by  Electricity,  281 

Ughtnug  Conductors,  234 
„        Flash,  808 

Lime-Jet  for  Lantern,  862 

LimellgfaL98,124 

Lines  of  FronnhAfer,  866 

Liquids,  Expansion  of,  419 
»       Spedflc  Gravity  of,  64 

Liquiihotion  of  Gaaes,  131 

Loadstone,  219 

Lontin,  278 

Lord  Bosse's  Teleacope,  389 

Loud-speaking  Tsl^phoii^  864 
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LodferlCatehcaiiao 
Lominoni  Palnt^  196 

M       Pbotoflraph,  286 
H       TalM,lM 

XMiiina,  ElMlilc  106 
M       Giiiifl,448 

Xaglo  Lantern,  946 
„     Mirror,  316 

Magnet,  ffiaotro,  ttl 
„       Lantern  Slide,  866 
H       NatonJ,  aie 
M       Botatlug,  824 

Magnetic  Garret,  886 


Engine  88B 
Indoetk»,88S 
Madiines.  883 


„        Spark,  189 
Magnetiaing  Steel,  280 
Magnetlam,  818 

w         and  Candle  Flame, 
„         on  the  Screen,  358 
Magneto-eleotridty,  874 
Marlnen'  Gompais,  880 
Matehee,  Laoiter,  180 
Medleal  Coil.  871 
Metal,  Fmible,  417 
Metali,  Spedao  Otarity  of,  68 

M      Tenadty  of,  62 
Mlerophone^  846, 867 
H  Battery,  269 

„  Circuit,  800 

Mioroaoope,  379 

»  Oxy-hydrogen,  364 

Mlnea,  VentUadon  of,  466 
Mirror,  OonoaTe,  884 

M      Convex,  828 

^      Magic,  316 

„     of  Arcbimedea,  881 
Mitralllea8e,448 
Model  Telegraph,  887 
Momentom,  38 
Moon,  Phaiea  of;  86 
Morae  Key,  868 

H     Sounder,  848 

n     Telegraph,  841 

Natural  Magnet,  819 
Needle^  GalTanometer,  807 
NegatiTe  and  PoaiUTC,  148 
Newoomen'f  Engine,  488 
Newton'f  Binga,  888 
Niagara  Falla,  880 
Ni4poe,  148 
Nitrogen,  108 

M        LlqnifiKtion  ol^  131 
„       Pr^iaratioa  oi;  103 

Ocrgted,818 
Oleflant  Qaa,  188 
Omniboa,  Steam,  466 
Opaque  Lantern,  367 
Optical  Inatnuaenta,  894 
Optica,  894 
Organ,  Steam,  479 
Oxalate  of  Potash,  169 
Qxy-caloium  Light,  98 
0]Vg«n>  Compreaaed,  368 


Oxygen,  Experfnmti  vltili,  88 
a      Preparation  o(L  88 
w      LiqatiSution  o<  131 

Oxy-hydrogen  Blowpipe,  186 
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0x000,100 

n     Experiaent  wifh,  101 

Pafait,  Luminooa,  806 
Pane,  Dctooatinff,  80S 
Paper,  AUmmcnind,  14B 

„     Transfer,  161 
Pannugnetie  Bodiea,  808 
Partidea  and  Atoina,  6 
Percnadon,  Centre  oC  64 
Perkina*  Steam  Oon,  464 
Phaaea  of  the  Moon,  86 

PhenaklatiaGope^  378 
Phonaotogru»h.  268 
Phonograph,  Xdiaon'i^  846^  tSl 

,,  Section  oC  868 

Phoapnoieecence,  896 
Phoaphoroooope,  296 
Fhoqdionia,  168, 178 

„        Amorphona,  180 

M         Ganton'a,  896 
Phoepboretted  Hydrogen,  108 
Photodrome^  376 
Photogr^hle  Apparata%  148 

M  Gaitten,14S 

„  Printing,  148 

Photo^phy,  Art  of,  141 
Photometer,  306 

Woodboiy'B.lfO 
Physioaeope,  867 
Pictet,  M^  131 
Pipette  for  Lantern,  861 
Piaa,  Leaning  Tower  o^  40 
.  nxU'a  MacUne,876 
Plate  Eleetrio  Machine,  196 
Platea,  Earth,  833 
PUtinam,  Ineandeaoent,  816 
Platinotype  Prooeia,  161 
PUoker,  890 
Pneumatic  Trough,  89 
Polarixation  of  I^rht,  396 
Polarixer.  Duboacq'a,  404 
Potaah,  Oxalate  oC  169 
Potaadum  in  Water,  8, 18 
Power,  Traaamlaaioo  of;  880 
PreaerratiTe  Bath,  166 
PrieaUey,  98 

Printing,  Photographic^  14S 
Profeaaor  Edison,  861 
„       Haxhea867 
Paendoacope^  886 
Pyramids,  48 

Badiant  Light.  806 
BadtaUonofHeatk46r 
Bailway,  Ceotriftiga],  10 
TheFlrat»4»6 
Bainbow,864 
Beade'a  Iriacqpe,  894 
BeeectionofLiKht,810 
Befraotion,  Double^  380 
of  Light,  341 
Beiaa'  nansBltter,846 
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BeTen«r,240 

Binfft,  Newton*!,  388 

Rinker,Beale'i.367 

Robert  StephensoD,  403 

Boger  Bacon,  81 

Kose's  Fuf  ible  Metal.  417 

Rotating  Magnet,  224 

RahmkoriTsCoUjSbl 

Safety  Lamp,  127, 436 
Sand  Battery,  231 
Siivart'B  Wheel,  246 
Savory's  Engine,  481 
6axton'8  Machine,  276 
ScioptiooD,  347 
Section  of  Phonograph,  263 
Seeing  through  a  Brick,  316 
Seleniam.  163, 177 
Shadow  Dance,  309 
Shell  Signal,  119 
8hunt»  Telephone,  260 
Siemeni  &  Wheatstone,  276 
Signal  Code,  340 
„     Lamp,  341 
Signab,  Flashing,  388 
Silver  Bath,  146 
,,     Horn,  141 
Bilioon,  163, 173 
Silvering,  Electro,  214 
Single  Voltaic  Conple,  206 
Sir  Humphry  Davr.  186 
Slaughtering  Cattle,  273 
SUdes.  Woodbury,  348 
Snow  Crystals,  73 
Soap  Bubble  Eiperiment,  68 
Solids,  Expansion  of,  416 
Sounder,  Morse.  24:i 
Sources  of  Electricity,  187 
„         Heat,  413 
Light.  296 
Spangled  Jar.  267 
Spark.  Magnetic,  189 
Specific  Gravity,  48 

„  „        ofEarth  and  Planets,  59 

Spectra  on  Screen,  368 
Spectroscope,  360 

„  Star,  369 

„  Discoveries,  368 

Spectrum  Analysis,  3K6 
Star  Spectroscope,  369 
Steamboat,  the  First,  478 
..     Engine,  466  , 

„      Hero  s,  479 
Gun.  444 
Hammer,  67 
High  Pressure,  493 
Omnibus^466 
„     Organ,  479 
„     Superheated,  486 
Steel,  Combustion  of,  297 
Stephenson,  Robert,  403 
Stereomonoscope,  383 
Stereomoscope,  S04 
Stereoscope,  380 
Sttflbtg's  Engine,  427 
Stool,  Insulating,  193 
Submarine  Lamp^  180 
bulphur,  163, 174 
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I    Superheated  Steam,  496 
I    Symbols,  Chemical,  86 
Symons'  Detector  Lamp,  437 


Tank,  Chemical,  360 
Tap,  Dissolving.  360 
Telegraph,  BakeweU's,  243 

Cooke  &  Wheatstone's,  235 

Copying,  243 

Cowper's,  244 

Electric,  230 

Model,  237 

Morse,  241 

Printing.  243 
„        Writing,  244 
Teleiwhone,  246 

Bell's  Magnetic,  248 

Circuit,  249 

Concert,  304 

Exchange,  266 

Gray's,  247 

Loud-speaking,  264 

Shunt,  260 

Thread.  247 

Tone,  247 

Tarley's,247 
Tcles'cope^  379 

„        Gregorian,  329 
,.        Lord  Bosse's,  329 
Temple  of  Hercules,  327 
Tenacity  of  Metals,  62 
Thaumatrope,  374 
Theory  of  Light,  300,  876 
Thermometer,  420 
Thin  Plates,  Colours  of,  889 
Thread  Telephone,  %4ff 
Thundercloud,  204 
Tides,  16 
Tinder-box,  298 
Tombola,  36 
Tone  Telephones,  247 
Toning  Solution,  149 
TourmallDe,  401 
Tourists'  Camera.  163 
Towns,  Air  of,  449 
Transfer  Paper,  161 
Transmission  of  Power,  280 
Transmitter.  Reiss's,  246 
Transmutation  of  Elements,  370 
Triple  Lantern,  360 
Tubes,  Vacuum,  272 
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Vacuum  Tubes,  272 
Vapour,  Cause  of,  474 
Varley's  Telephone,  247 
Velocity  of  Light,  304 
VentUation,  448 

of  Mines,  466. 471 
Vibration,  302 
Views,  Dissolving,  349 
Volta^  186.  206 
Voltaic  Couple,  Single,  206 

„      Electricity,  206 
Voltameter,  210 

Water,  Decomposition  of;  128 
„     Hammer,  66 
I   Washed  PUtoProesM,  162 
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WaahiBff  Kmwldon,  1S8 
Watt,  Jameii  412, 485 
Wave  Motion,  10 
WftTM  of  Light,  801, 801 
Weatlier  Predieaooi,  461 
Weighing  Carix>nio  Acid,  168 
Weatinshonae  Brake,  470 
Wet  CoDodioD  Prooeia,  U4 
Wheatatone  ft  Siemena,  876 
Wheatatone'i  Telephonic  Ganeert,  804 
Wheel.  8a?arta'.  840 


Whiiwoiih'aPla&fli^ei 
WiU^>'-tko-Wi8p,  184 
Wirea,  Ckmduetbig,  i 
Witchea  Dutt^  808 
WoUaaton,86S 

Woodhmy'a  Lantern  BHdw,  Ml 
Lima.I4ffhtj0^3M 
M         Photometer.  160 
Writing  Telagimph,  844 

Zinc  and  Copper  Bittacy,  18B 


•-r 


THE  XSOl 


FRINTBO  BY  BALLAMTYNS  AND  HANSOM 
LONOOH  AMD  BDIMBUBGH 


^mi^l  ^0«tkJrjp[e  ^  Sim  |ltto  ^ooh. 


IS/-    A  'POPULAR    HISTORY    OF    SCIENCE.      By    Robert 

RovTLBDG^  B.8c  (LondX  F.CS.,  Author  of  "  Discoveries  and  Inventions 
^tbe  Kiacteentli  Century.*  *'  Science  in  Sport,**  &c  With  many  Original 
^IHlstmtions,  Pbrtxaits,  and  i6'pages  of  Plates. 

*»*  Ah  entirely  Ortginal  Work  of  great  imfffrtofice,  on  which  the  mtthorhat 
been  engaged  for  the  last  tiure  years. 

Sh    ULTIMA    THULE.      A  New  Copyright  Volume  of  Poems  by 
Mr.  LoMCFBLLOW.    With  lUustsations. 


THE  HANDY-VOLUME  MARRYAT. 

31/6  The  Handy- Volume  Edition  of  Captain  MARRYATS  NOVELS. 
Punted  uniform  with  the  Handy  Volume  Waveiiey,  and  beautifully  bwad 
in  cloth  by  Burn.    17  vols,  in  a  box. 


10/6  MILITARY  MIS-READINGS  OF  SHAKSPERR  A  Series 
of  94  {Migts  of  highly  Hunoipus  Dniwings  of  Militaxy  Life.  By  Major 
Sbccombb,  R.A.  With  appropriate  Quotations  from  Shakspbkk.  Printed 
in  Colours  by  Edmund  Evans,  in  fancy  cover,  with  leather  back. 

10/6  THE  BOOK  OF  BRITISH  BALLADS.  Edited  by  S.  C.  Hall. 
F.S.A  Illustrated  by  £.  M.  Ward,  Sir  J«*iNobl  Paton,  aad  other 
distinguished  Artists. 

10/6    JANE    PORTER'S     NOVELS,    in  3  vols,   crown  8vo,  cloth. 
Illustrated  by  Steel  Plates  and  original  Woodcuts. 
,1.  THE  SCOTTISH  CUIEF&       a.  THADDBUS  OF  WARSAW. 

3.  THE  PASTOR'S  FIRESIDE. 

S/6    EVERY    BOY'S    BOOK.     Edited  by  Edmund   R0OW.BDO& 

A  New  Edition,  revised  and  partly  re>written.    With  all  the  latest  Rules  for 
Modem  Games  and  Pastimes,  with  New  Illustrations  and  Coloured  Plates. 

7/6  PEPPER'S  PLAY  BOOK  OF  SCIENCE.  Thoroughly  Re- 
vised,  considerably  enlarged,  and  for  the  greater  part  re-written  by  T.  C. 
HsrwORTH,  Lecturer  at  the  Polytechnic    with  many  lUustnmpns. 

7/6    GLIMPSES    THROUGH    THE    CANNON    SMOKE.      B/ 
Archibald  Foxbbs. 


ROUTLEDGE'S  7g.6d.  GIFT  BOOKS, -New  Volumes. 

7/6    I.  DODiyS    BEAUTIES    OF    SHAKESPEARE.      IHustiated 
by  Sir  John  Gilbsrt,  R.  A. 

X  LAMB'S  TALES  FROM  SHAKESPEARE.    Illustrated  by 
•,         1^  John  Gilbert,  R.A. 

3*  ENGLISH  SACRED  POETRY.    Ulustrated  by  J.  D.  Wat' 
ION,  H.  S.  Marks,  and  other  Artists. 


J 


GEORGE  ROUTLEDGE  AND  SON$'  NEW  BOOKS. 


nticK     • 

6/-  THE  MOUNTAIN  SPRITE'S  KINGDOM.  A  New  VdnK 
•f  Fftiry  Tales  by  the  Rofht  Hon.  £.  H.  KnatchbuixpHugbsbi 
(Lord  Brabourns).    With  luostntions  by  Ernbst  Gkiskt. 

6/-  ROUTLEDGE'S  EVERY  BOY»S  ANNUAL  for  i88i.  Eitod 
by  EDMtJND  RoUTLBDGl^  ^.R.G.S.  With  full-psffe  mustradoos  aaA 
Coloured  Plates. 

Sh  ROUTLEDGE'S  EVERY  GIRL'S  ANNUAL  for  1881.  Edited 
by  Alicia  Amy  Lbith.  Withjpage  IllustnUioDt,  and  Coloured  Fnvtiapieoe 
and  Title,  designed  by  Kats  Gkeknaway. 

6/-    THE    HUGUENOTS    IN    FRANCE.      By  Samuel  Smiib; 

LL.D.    A  New  £ditioD»  with  Three  New  Chapters  and  a  Pk«£ue. 


ROUTLEDGrS  6s.   POETS. 

New  Designs,  with  Red  Lines,  doth,  gih  edges. 

1.  BYRON.  I    3.  SCOTT.       I    5.  MOORE. 

2.  SHAKSPERE.     I    4.  BURNS.      I    6.  POET'S    CORNER. 


5/-  LITTLE  WIDE-AWAKE  for  1881.  Edited  by  Mul  Salb 
Barkbr.  With  many  Original  Illustiations,  and  Coloured  Franti^icoe  bf 
Kats  Grbbnaway.    And  in  boards,  js. 

5/-    WITH  THE  COLOURS  ;  or,  Thr  Adventures  or  a  Youwg 

Soldier.    By  R.  M.  Jbphson,  Author  of  *'Tom  Ballkley.*    With  Dfaistfa- 
tioos  by  Captain  Simkin. 

5/-  LITTLE  BUTTERCUP'S  PICTURE-BOOK.  A  Pictnre-Book 
for  Little  ChiUkvdL    Laxge  folia    And  in  boards,  3x.  6^. 

5/-  DTAULNOY'S  FAIRY  TALES.  Edited  by  J.  R.  PLAMCHt 
With  Illustrations  by  Sir  John  Gilabrt,  R.  A. 

5/-    PLANCHE'S  fairy  TALES.    With  lUustrations. 

5/-    MARK  DENNISON'S  CHARGE.    By  Georgiana  M.  Crahl 

With  Illustrations  by  M.  E.  E. 

5/-    MBVRICK«S  promise*,   a  Book  for  Girb.    By  Miss  Phillips. 

With  Illustrations. 


KATE  GREEN AWAY'S  CHRISTMAS  BOOK. 
3/6    KA-ft    GREENA WAY'S    BIRTHDAY  BOOK  FOR  CHIL. 

DREN.  With  X2  page  Coloured  Plates,  designed  by  Katb  GRXSsiAWAr, 
and  printed  in  Colours  by  Edmund  Evans,  and  360  Original  Drawings,  widb 
appropriate  Verses  by  Mrs.  Salb  Barkbr.    And  in  boards,  9g.  &£. 


3/6    THE    SECRETS    OF   STAGE   CONJURING.    By  Robert 

HouDtN.    Translated  by  Professor  Hofmamn.    With  Illmvatioiis. 

3/6    HERMY  :  The  Story  of  a  Little  Girl.    By  Mrs.  Molbsworth, 
Author  of  "  The  Cuckoo  aock."    With  Illuitraboos  by  M.  £.  E. 

3/6    THE  DAY-DAWN  ALBUM.     With  160  pages  of  lUnstnitioia. 
(Aihtm  Series.)   And  in  boards,  a#.  &£ 
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